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SECTION  I 


INTRODUCTION 

This  report  is  the  final  Phase  I progress  report  describing 
the  status  of  the  research  and  development  effort  to  obtain  a 
digital  correlation  tracker  for  precise  tracking  of  airborne 
targets,  utilization  of  the  full  spatial  frequency  information 
in  the  image  through  the  correlation  process  has  been  shown  to 
provide  the  input  data  required  to  accomplish  more  accurate  real 
time  tracking  than  can  be  attained  with  edge  and  centroid  tracking 
processes.  The  progreun  is  comprised  of  a three-phase  effort  of 
analysis,  development  and  test.  In  the  first  phase,  a computer 
analysis  was  conducted  to  evaluate  an  optimum  digital  correlation 
tracker  concept  and  to  compare  its  performance  with  that  of  edge 
and  centroid  trackers  using  processed  video  tapes  of  real  target 
imagery.  A preliminary  digital  correlation,  design  configuration 
was  also  derived.  In  the  second  phase,  the  hardware  design  will 
be  finalized  and  an  electronics  package  suiteJsle  for  installation 
in  standard  rack-mounted  19-inch  drawers  will  be  tested  in  the 
laboratory  again  using  video  tapes  of  real  target  imagery.  In 
the  third  and  final  phase  of  the  program,  the  digital  correlation 
tracker  will  be  installed  in  the  existing  pointing  and  tracking 
system  at  AFWL  and  its  performance  demonstrated. 
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The  following  sections  of  this  report  present  a review  of  the 
effort  conducted  during  the  first  phase  of  the  tracker  development 
program  and  the  results  achieved.  In  Section  2 the  various  track- 
ing algorithms  which  were  implemented  in  the  computer  simulation 
are  described.  These  included  a centroid  tracker  algorithm,  an 
edge  tracker  algorithm,  and  various  candidate  digital  correlation 
tracker  algorithms.  The  correlation  algorithms  discussed  incor- 
porated approximations  to  the  true  correlation  calculations  to 
reduce  computation  time  and  permit  real  time  processing. 

In  Section  3 the  Computer  Simulation  Package  (CSP)  is 
described.  This  package  is  the  set  of  computer  programs  developed 
to  simulate  the  tracking  problem  and  predict  the  performance  of 
trackers  employing  the  various  algorithms.  The  first  portion  of 
the  CSP  is  the  referencing  program  which  accepts  digital  input 
imagery  data  and  locates  the  precise  position  of  an  operator- 
selected  target  in  each  frame  of  input  imagery.  This  referencing 
program  uses  the  exact  correlation  computation  to  find  the  target 
and  eliminate  any  inaccuracy  in  its  location  due  to  motion  of  the 
image  sensor  line  of  sight.  The  remaining  portion  of  the  CSP 
described  in  paragraph  3.2  is  the  tracking  progreon  which  accepts 
referenced  input  imagery  from  the  reference  program,  offsets  the 
target  position  in  a random  manner,  and  measures  the  ability  of  3 
tracker  algorithms  (edge,  centroid  and  correlation)  to  derive 
accurate  tracking  error  signals. 
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Section  4 describes  the  processing  required  to  digitize  input 
imagery  data  and  develop  a data  tape  suitable  for  input  to  the  CSP 
on  a COC6600  computer.  Procedures  used  for  processing  both  TV 
and  IR  imagery  are  presented.  The  TV  data  processed  for  the  final 
production  runs  of  the  CSP  and  for  compeurison  of  the  performance 
of  the  selected  correlation  tracking  algorithm  with  that  of  cen- 
troid and  edge  trackers  are  shown  in  Appendix  IV.  Section  5 then 
presents  an  analysis  of  the  data  obtained  through  the  use  of  the 
CSP  including  both  the  early  runs  and  the  final  production  runs. 
The  raw  data  from  the  computer  production  runs  are  reproduced 
in  Appendix  V.  Runs  number  80,  82,  84,  and  86  were  made  with 
the  TV  data  inputs  shown  in  Appendix  IV  as  data  runs  number  2,  3, 
4,  and  5,  respectively,  except  that  run  number  84  used  a digital 
data  tape  made  from  an  earlier  processing  of  the  same  data 
frames  shown  in  data  tape  number  4 without  a time  code  reference 
display. 

In  Section  6 of  the  report  the  results  of  the  preliminary 
digital  correlation  tracker  design  effort  are  presented  with  block 
diagrams  of  the  circuits  and  a listing  of  the  principal  components 
which  will  be  used.  The  report  is  then  completed  with  a summary 
cf  the  conclusions  derived  from  this  Phase  I effort  and  the 
recommendations  for  future  program  activities  in  Sections  7 and  8. 
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SECTION  II 

TRACKING  ALGORITHMS 
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This  section  details  the  tracking. and  pre-processing 
algorithms  that  are  simulated  in  the  Computer  Simulation  Package 
(CSP) . Edge,  centroid,  and  correlation  tracking  are  discussed 
as  well  as  various  threshold  and  differentiation  (gradient)  pre- 
processors. The  correlation  track  algorithms  have  been  generalized 
to  acgommodate  potential  growth  in  the  form  of  higher  frame  rate 
emd/or  larger  picture  size  systems. 

Three  types  of  tracking  systems  were  investigated  in  this 
study: 

• Edge  Tracking 

• Centroid  Tracking 

• Correlation  Tracking 

In  addition  to  the  tracker  types,  the  following  pre- 
processing methods  were  also  Investigated: 

• Threshold  video  to  form  binary  patterns 

• Patterns  which  are  linear  above  a threshold 

• Linear  (non threshold)  patterns 

The  edge  tracker,  after  initial  preprocessing,  operates 
on  binary  patterns  only  and  tha  centroid  tracker  is  restricted  to 
threshold  (binary  or  linear  above  a value)  patterns;  the  correla- 
tion tracker  can  operate  with  any  of  the  preprocessing  forms. 
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video  presentations  to  all  tracking  configurations  are  given 
in  32  by  32  matrices.  The  gray  level  or  intensity  value  of 
each  element  of  the  input  matrix  is  quantized  in  a number  of 
binary  levels  (up  to  64)  as  specified  by  data.  Video  operated 
on  by  the  trackers  (except  for  correlation)  is  contained  within 
a track  window  which  is  a submatrix  of  the  input  picture  matrix. 
Both  the  window  center  (X-center  and  Y-center)  and  window  dimen- 
sions (X-dimension  and  Y-dimension)  are  specified  by  data;  the 
window  center  is  specified  in  a larger  64  by  64  matrix  represent- 
ing imagery  data  from  a referencing  program  which  has  precisely 
determined  the  target's  true  position.  The  various  matrices  are 
shown  pictorially  in  figure  1. 


MATRIX  fSOM  REFERENCE 


Figure  1.  Reference  and  Track  Windows 
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The  track  window  is  always  centrally  located  in  the  tracker 
32  by  32  data  matrix.  In  the  following,  the  32  by  32  tracker 
data  matrix  is  labeled  P and  the  16  by  16  (maximum)  track  window 
matrix  is  labeled  W. 

Let  T be  a 32  by  32  preprocessed  data  matrix.  The  rela- 
tionship between  the  track  window  W and  the  preprocessed  matrix 
T is  as  follows: 

W(I,J)  » T(I+8,J+8) 

I,J  - 1,...,  16  (1) 

Let  IX  ■ X dimension  s 16 
lY  » Y dimension  * 16 

(2) 

J1  - (16-IX)/2+l 
J2  - Jl+IX-1 

11  - (16-IY)/2+l 

12  * Il+IY-1 

To  accommodate  windows  smaller  than  16  by  16,  a modified 
window  matrix  WBAR  is  defined  by 

1W(I,J)  11*1*12,  J1*J*J2 

(3) 

0 otherwise 

The  preprocessed  matrices  are  defined  as  follows; 
a . Binary  Patterns 

Let  d be  a positive  threshold  value 
|1  P(I,J)id 


! 


B(I,J) 


otherwise 


(4) 


be  Linear  above  threshold  Pattern 


Let  d be  a positive  threshold  value 
(P  (I.,J)  P(I,J)  ^ d 

LB(I,J)  =<  (5) 

to  otherwise 

c.  Edge  Preprocessing 

The  edge  tracker  preprocessor  is  more  complex  and  is  described 
in  the  following:  Only  two  lines  of  the  pattern  need  be  stored  as 

the  pattern  is  scanned  out  to  determine  the  "gradient"  values. 

The  process  is  performed  as  follows:  for  a continuous  pattern  dC" 
fined  by  some  function  p(x,  y) , the  magnitude  of  the  gradient 
|g(x,  y)|  at  some  point  (x,  y)  is  defined  by 

This  function  is  approximated  in  the  discrete  case  by  the 
following. 

The  input  pattern  is  specified  by  a matrix  P where  P^j  is 
the  gray  level  value  in  a particular  cell,  i,j  = 1,  , 31.  The 

rows  in  the  matrix  designated  by  the  i value  correspond  to  scan 
lines  and  the  columns  designated  by  the  j value  correspond  to 
cells  obtained  by  time  gating  over  a scan.  A sub-matrix  of  the 
array  is  given  by 


**1J 

p 

1’  j + 1 

^ + 1,  J 

**1  + 1,  J + 1 
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rJ 


The  partial  derivative  iE-^-Si.  JT?  is  approximated  by 

3x  , Ax 


where 


“s^  " ^ [^,  j + 1 ■ ■*■  + 1.  j + V “ + 1.  J 


Similarly 
»•  dP. 


K + 1,  j ■ "■  **1  + 1,  j + 1 " j + 1] 


/AP.A^ 


.Gij, 


The  operations  given  above  require  four  subtractions,  two 
squares,  an  addition,  and  a square  root  (divisions  by  2 to  obtain 
an  average  need  not  be  performed) • These  operations  are  greatly 
simplified  by  noting  the  following. 


P - P 

ij  I + 1,  J + 1 


^2  ■ 'l,  J ♦ 1 ■ ^ fl.  J 


Simple  substitutions  show  that 


AP  AP 
Av  “ Ax 


SO  that 


'°ij' 


- '=ij' 


Z'  li. 

• ».  ■ 
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and  only  two  subtractions  are  required.  The  root  mean  square  cal- 
culation is  approximated  by 

/— 5 X minds.],  |S,|) 

*/o*.C*  i tint  I..IV.  J.  ' 


V2  ? M I / I I ^ 

Si  ®2  ■ jSjj)  + 2 (15; 

The  maximum  error  in  this  approximation  occurs  when  Si  = S2. 

The  left-hand  side  givfi«  ^2  S-^  and  the  right-hand  side  gives  3/2 

Si;  the  maximum  error  is  (3/2  - ^2)  * 0.086  S^^.  The  form  of 

equation  (15)  is  used  and  greatly  simplifies  the  calculations  in 

the  preprocessor.  Also  note  that  only  two  lines  of  gray  level 

value  storage  are  required  in  performing  the  calculations.  For 

binary  patterns,  a threshold  level  d is  established  and 


(1 

( 0 otherwlt 


For  this  form,  the  matrix  B is  stored  after  line-by-line 
preprocessing  and  operated  on  after  the  termination  of  the  sample 
window  (tracking  gate) . 

Because  of  the  absolute  value  calculations,  the  edge  tracker 
data  is  independent  of  target  contrast  polarity.  Further,  as 
explained  in  the  CSP  User's  Manual,  an  automatic  threshold  rou- 
tine and  "thinning"  of  the  resultant  binary  pattern  are  also  in- 
cluded in  the  simulation. 

2.1  EDGE  AND  CENTROID  TRACKER  ALGORITHMS 

The  edge  and  centroid  trackers  both  use  the  centroid  measure 
in  determining  error  values.  The  differences  in  tracker  types 
occur  in  the  preprocessors:  a gradient  preprocessor  is  used  to 

extract  the  "edge"  signals  for  the  edge  tracker  and  a threshold 


operation  is  used  to  produce  extended  area  patterns  for  the 
centroid  tracker. 

The  trackers  operate  in  a "biased”  mode.  That  is,  measure- 
ments are  made  relative  to  initial  values  obtained  in  frame  zero. 
Fof,  n the  frame  number  and  and  the  measured  values,  the 

indicated  values  Xn  and  Yn  are  given  by 


(Note:  These  data  are  fjrther  modified  to  determine  actual 

position  shifts  and  by  channel  gain  as  will  be  explained 
in  the  section  on  the  Computer  Simulation  Package.  The 
basic  calculations  given  below  do  not  reflect  these 
modifications) . 

The  centroid  measures  operate  on  the  modified  matrix 
WEAR  and  are  as  follows: 


(Note : 


s = 

16 

16 

x?x 

WEAR  (I,J) 

X « 

16 

16 

a?x 

J*WEAR  (I,J)/S 

Y = 

16 

x?x 

16 

L 

j ■ 1 

I*WEAR  (I,J)/S 

(18) 


Unbiased  measures  on  a per  frame  basis  could  be  obtained 
by  subtracting  8.5  from  the  X and  Y values.  Such 
measures  represent  the  true  mathematical  centroids  of 
the  window  patterns)  . 


2.2  CORRELATION  TRACKER  ALGORITHM 


The  following  paragraphs  detail  the  algorithms  for  a correla- 
tion tracker.  Operations  are  performed  in  an  iterative  manner  for 
application  to  picture  matrices  with  dimensions  of  any  multiple 
of  four.  Some  examples  of  the  calculations  are  given  to  indicate 
their  application. 

The  algorithms  trade  off  mechanization  complexity  for  process- 
ing speed.  Major  complexities  occur  in  the  size  of  the  required 
memory  and  the  number  of  machine  instructions  to  perform  the  cal- 
culations. Implementation  of  the  algorithm  offers  growth  to  high- 
er frame  rate  systems  (requiring  proportionately  higher  processing 
speeds)  and/or  larger  picture  matrices.  The  actual  implementation 
(covered  in  the  Preliminary  Design  section)  will  employ  a single 
iteration  process  with  a 32  x 32  picture  matrix  and  a 16  > 16 
sample  reference.  Although  the  number  of  calculations  for  a sin- 
gle iteration  process  is  much  greater  than  that  for  a triple 
iteration  process,  a much  simpler  mechanization  can  be  made  for 
the  single  iteration  process  at  reasonable  clock  rates  and^ithout 
the  use  of  a computer. 

Reference  to  R & D Status  Reports  Sflo . 1,  2,  and  3 indicate 
that  the  initial  correlation  algorithms  employed  limited  search 
techniques  starting  at  the  previously  computed  track  points. 

These  techniques,  though  offering  minimum  computation  times,  often 
Idd  to  false  track  points  due  to  local  maxima  of  the  cross- 
correlation function.  This  led  to  the  conclusion  that  the  search 
must  be  performed  exhaustively.  The  algorithm  presented  below 


i' 


permits  an  exhaustive  search  to  be  made  but  with  far  fewer  calcu 
lations  than  would  be  required  with  conventional  techniques  as 
are  employed  in  the  referencing  program  to  establish  the  true 
target  position. 

^ 2.2.1  Correlation  Tracker  Algorithm  Computations 

I 1 

Before  proceeding  with  the  detailed  calculations,  the 
following  notation  set  is  given: 

• Upper  case  letters  refer  to  matrices;  lower  case  letters 

refer  to  vectors. 

• An  m X m matrix  R is  written 

R(m)  . 

• A submatrlx  Q of  R which  is  n x n and  located  within  R 
such  that  the  (1,1)  entry  of  Q corresponds  to  the  (r,s) 
entry  of  R is  written 

Q(n,r ,s) . 

• Vectors  of  dimension  n derived  from  Q are  designated,  for 

example, 

x(n,r,s). 

• The  (i,j)  element  of  R{m)  is  written 

R(m) (i, j) . 

• The  (i,j)  element  of  Q(n,r,s)  is  written 

Q(n,r,s) (i, j) . 

• And  the  jth  element  of  x(n,r,s)  is  written 

x(n,r,s) ( j)  . 
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In  general,  the  first  set  within  parentheses  designates  a 
particular  matrix  or  vector;  the  second  set  within  parentheses 
designates  a particular  element  within  the  matrix  or  vector. 


As  a first  step  toward  minimizing  the  number  of  computa- 
tions to  be  performed,  "marginal"  picture  vectors  are  derived 
from  the  input  picture  matrix.  Let  R(m)  be  an  m x m picture 
matrix.  An  x vector  is  derived  by  summing  the  rows  in  the 
matrix  and  a y vector  is  derived  by  summing  the  columns;  that 
is. 


m 

x(j)  - Z R(m) (i, j) 

i-1 

m 

y(i)  - Z R(m)(i,j) 

j-1 


(19) 


By  performing  calculations  on  the  vectors,  the  number  of 
calculations  in  determining  a correlation  value  is  reduced  from 
m^  to  2m. 

The  basic  savings  is  accomplished  by  first  determining 
gross  position  data  on  greatly  compressed  picture  representa- 
tions and  then  refining  the  data  by  exercising  limited  searches 
on  lesser  compressed  representations.  The  compression  operation 
is  performed  in  binary  steps  in  that  a 2n  x 2n  matrix  is 
converted  to  an  n x n matrix.  Let  P (2n)  be  the  picture  matrix 
prior  to  conversion  and  P(n)  be  the  picture  matrix  after 
conversion.  The  conversion  calculations  are  as  follows: 


P(2n)  (r,8)  + P(2n)  (r+l,s) 

+ P(2n)  (r,8+l)  + P(2n)  (r+l,s+l) 


where 


r - 2i  - 1 

8 - 2J  - 1 ,J 

••• 

An  element  of  a matrix  of  lower  dimenaion  ia  formed  from 
the  sum  of  four  adjacent  elements  in  the  matrix  of  higher 
dimension. 

For  the  picture  matrix  P(2n),  a submatrix  Q(n,r, s)  is 
formed  within  the  picture  matrix  and  represents  a track 
window  with  starting  coordinates  (r,s). 

The  submatrices  are  formed  as  follows: 

Q(n,r,s)  (i,j)  - P(2n)  (r+i-l,8+j-l)  (2: 

^^j  " if  ...  f n 
r,8  » 1,  ...  , n + 1 

As  indicated,  in  a 2n  x 2n  picture  matrix,  (n+1) * submatrices 
of  dimension  n x n can  be  formed.  Each  of  the  submatrices 
Q(n,r,s)  is  employed  to  determine  x and  y vector  representa- 
tion*»  according  to  equation  19;  i.e.. 


x(n,r,s)(j)  - Q(n,r,s)  (i,  j) 


y(n,r,8)(i)  - Q (n,r,s)  (i,  j) 

Each  of  the  above  vectors  is  of  dimension  n. 


An  example  of  the  above  operations  is  shown  below 


Let  P(8)  be  an  8 X 8 matrix  given  by 


P(8)  = 


0 

1 

1 

1 

1 

1 

1 

0 


1 

0 

1 

0 

1 

0 

0 

1 


0 

1 

0 

1 

1 

1 

0 

0 


0 

1 

1 

1 

0 

0 

1 

1 


1 

0 

1 

0 

1 

1 

0 

1 


1 

1 

1 

0 

1 

1 

0 

1 


1 

0 

0 

1 

1 

0 

1 

0 


1 

1 

1 

1 

0 

1 

0 

0 


By  equations  20  and  21,  a 4 x 4 matrix  P(4)  is  given  by 


P(4) 


2 2 3 3 

3 3 2 3 
3 2 4 2 
2 2 2 1 


By  equations  22  and  23,  the  nine  2x2  submatrices  derived 
from  P(4)  are  given  by: 


Q(2,l,l) 


2 2 

2 3 

■ 

Q(2,l,2)  » 

3 3 

3 2 

Q(2,l,3)  - 


3 3 
2 3 


Q(2,2,l) 


3 3 
3 2 


i 


I 

\ 


Q(2,2,2) 


3 2 
2 4 


Q(2,3,1) 


3 2 
2 2 


Q{2,3,3) 


4 2 
2 1 


And,  as  an  example. 


from  equation  24, 


Q(2,2,3) 


Q(2,3,2) 


x(2,2,2)  - 1 5 6 I 
y(2,2,2)  - 1 5 6 I 


2 3 

4 2 

2 4 
2 2 


Starting  with  the  matrix  P(2n)  of  highest  dimension,  a 
reference  submatrix  R(n)  is  derived  and  leads  to  the  generation 
of  two  reference  vectors,  rx(n)  and  ry(n).  These  vectors  are 
compressed  by  factors  of  two  to  obtain  reference  vectors  to 
operate  on  the  matrices  of  lower  dimension.  The  values  are 
given  by: 


rx(n)  (i) 


rx(2n) (2i-l)  + rx(2n) (2i) 


ry(n)(i) 

i 


ry(2n)(2i-l)  + ry(2n)(2i) 
1, , n 


(25) 


For  example,  let  the  reference  matrix  occur  at  starting 
coordinates  (3,3)  in  P(8).  The  sxibmatrix  R(4)  is  given  by 


R(4) 


0 111 
110  0 
10  11 
10  11 


By  equations  (6)  and  (7), 


rx(4)  « 1 

3 2 3 3 1 

ry(4)  - 

1 3 

2 3 3 1 

rx(2)  « 1 

5 6 1 

ry(2)  - 

1 5 

6 1 

The  maximum 

correlation  position 

is  obtained 

from 

the  cd>solute 

value  distance  metric;  the  values,  for  clarity,  are  shown  as 
elements  of  a matrix  D(m,n)  where  m depends  on  n and  the  stage 
of  the  process.  For  the  first  stage,  m ■ n + 1;  at  subsequent 
stages,  m « 3.  For  the  given  example,  n » 2 at  the  first  st^ je 
of  the  process  (that  is,  operations  on  the  submatrix  of  lowest 
dimension)  and  m « 3.  In  general. 


n 

D(m,n)(r,s)  = I [|x(n,r,s)  (i)  - rx(n)  (i)  I + 

i»l 

|y(n,r,s)(i)  -ry(n)(i)|]  (26) 

For  example, 

D(3,2)(2,2)  - |5-5|+|5-5|+|6-6|+|6-6| 

aa  0 

The  values  for  other  positions  are  given  below  by  the  correspon- 
ding entries  in  matrix  D(3,2) » 
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(i,j) 


x(4,2,2) 


2 3 3 2 1 , y(4,2,2) 


2 3 2 3 


Using  the  distance  measure  of  equation  26,  the  matrix 
D(3,4)  is  given  by 


D(3,4)  » 

The  minimum  occurs  at  [a(4)  , 6(4)]  “ (3,3)  and  corresponds  to 
the  initial  reference  position  as  required.  As  an  indication 
of  the  computation  savings  by  this  method,  a comparison  is 
made  between  the  matrix  and  vector/compression  technique. 
Suppose  the  largest  input  picture  matrix  is  2n  x 2n  and  a K 
stage  compression  process  is  used.  For  the  matrix  method 
the  absolute  value  difference  measure  for  corresponding 
values  in  the  reference  and  picture  matrices  would  have  to 
be  computed  (n+l)^(n^)  times.  For  the  vector/compression 

“K+1 

technique,  the  dimension  of  the  lowest  order  vector  is  n2 

The  first  search  is  exhaustive  and  requires  (n2  + 1)  ^ 

X n calculations.  The  vector  of  next  higher  order  is 

of  dimension  n2  and  9 calculations  are  made  for  each 

“K+3 

vector  for  a total  of  9*2  n calculations.  Similarly, 
for  the  next  stage,  9*2  n calculations  are  made. 


The  total  number,  therefore,  is 


2-*+2o  {(n2-K+l  + 1)2+18  (2‘'-l  - 1)) 


A comparison  is  made  in  the  following  table. 


Number  of  Calculations 


K I 

Picture  Size  Iterations  [Matrix  Method  Vector  Method 


64  X 64 
32  X 32 
16  X 16 


1,115,136 

73,984 

5,184 


1,208 

632 

344 


An  implementation  is  sho%m  in  figure  2 


/ 


r 

ENTRY 

V y 


Figure  2.  Functional  Flow  Chart  - Subroutine  CORREL 
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The  vector  method  calculation  numbers  do  not  Include  the 
operations  required  la  forming  the  vectors  from  the  submatrices. 
If  a given  submatrix  is  of  dimension  nxn  then  2n^  sums  are 
required  to  form  the  vectors.  Because  of  the  method  used  to 
derive  the  vectors,  the  vector  element  values  can  be  determined 
incrementally  and  the  Individual  submatrices  need  not  be  deter- 
mined. An  Intermediate  step  is  used  to  determine  two  element 
value  matrices  SX(n),  SY(n).  For  these  matrices, 
x(n,r,s)  (j)  = SX(n)  (r,s+j-l) 

(29) 

y(n,r,s)  (j)  - SY(n)  (r+i-l,s) 

The  matrices  SX(n)  and  SY(n)  are  derived  directly  from  the  P(n) 
matrices  according  to  the  following: 

J,+n-l 

SX(n)  (H,m)  * I P(n)  (i,m) 

SX(n)  (A,m+1)  » SX(n)  (l,m)  + P(n)  (A+n.rn)  - P(n)(A,m) 
m+n-1 

SY(n)  (A,m)  » E P(n)  (A,j)  (30) 

j*m 

SY(n)  (A+i,m)  » SY(n)  ()l,m)  + P(n)  (il,m+n)  - P(n)  ()l,m) 


For  the  given  example. 


'■i 


5 6 


SY(2) 


5 5 


6 6 


According  to  equation  29,  two  vector  pairs  are  computed  as 
follows: 

x(2,2,2)  - (SX(2)  (2,2),  SX(2)  (2,3)  ) - (5,6) 

y(2,2,2)  - (SY(2)  (2,2),  SY(2)  (3,2)  ) = (5,6) 

x(2,3,3)  - (SX(2)  (3,3),  SX(2)  (3,4)  ) = (6,3) 

y(2,3,3)  - (SY(2)  (3,3),  SY(2)  (4,3)  ) - (6,3) 

The  corresponding  submatrices  for  this  example  are; 


Q(2,2,2) 


Q(2,3,3) 


As  shown  In  the  example,  the  operations  are  equivalent  but  far 
fewer  calculations  are  required  In  generating  SX(n)  and  SY(n) 
as  compared  to  the  formation  of  the  vectors  from  the  submatrices. 
A comparison  of  the  number  of  add  operations  Is  determined  below. 
Assume  that  the  dimensions  of  the  largest  p matrix  are  2nx2n  and 
that  the  process  is  performed  in  k Iterations.  Let  m * 1,2,  — 
be  the  stage  of  the  process.  With  these  definitions,  the 
dimension  of  the  vector,  dk,  at  stage  m Is 


dk  « n2 


~k+ra 


The  number  of  operations  required  to  compute  either  SX(n) 
or  SY(n)  Is  the  same;  below,  the  number  of  operations  for  SX(n) 
Is  determined.  In  computing  SX(n),  the  first  element  In  each 


k+1 

oolunn  involves  n2->'+">  sums.  For  m=l,  there  are  2- n- 2’ 
ooliunns  In  SX(n);  for  m>l.  there  are  n2-ktm.2  columns  In  sx(n). 
Again,  for  m-1,  there  are  n2-k+l+l  rows  In  SX(n);  for  m>l, 
there  are  3 rows  In  SX(n).  The  second  and  subsequent  elements 
of  each  column  of  SX(n)  require  two  additional  sum  (difference) 
calculations.  The  total  number  Is  determined  from  the  following: 
T(m)  = total  number  of  sums  at  stage  m 

NF  - number  of  sums  for  first  element  In  a column 

of  sx(n) 

NR  = number  of  rows  in  SX(n) 

NC  ~ number  of  columns  in  SX(n) 

T = NC  (NF  + 2 (NR-1)  ) 


For  m » 1 


T(l)  * n2 


fn2  + n2  ) = 3n  Z 


For  m > 1 


,)  .(n2-‘'*'"t2)  (n2->‘*"‘  t 4) 


Tv  . 3n22-2fc+3  + I (n2'‘‘*^+2)(n2-''*^+4) 

^ i=2 


The  values  are  tabulated  below. 


Iterations 


Sums 

1800 


These  numbers  are 


compared  with  the  totals  required  to  extract 


the  individual  submatrices, 


T(l)  - + 1)^  (36) 


For  m > 1 


T(m)  - 9 (n2“J'+®)2 

I#' 

(37) 

= n22-2k+2  (n2"^+l  + 1)2  + 9n22"2k  z 2^^ 

k i»2 

(38) 

For  the  individual  submatrices! 

n jiT 

Tk 

Iterations 

Sums 

32  4 

12496 

16  3 

3280 

8 2 

976 

2.2.2  Interpolation  With  The  Vector 

Method 

Matrix  interpolation  to  attain  tracking  accuracy  to  within 
less  than  a resolution  element. is  far  too  complex  to  consider  in  a 
hardware  mechanization.  This  factor  led  to  an  initial  mechaniza- 
tion which  performed  measurements  only  to  the  nearest  integer 
value.  The  simplicity  of  the  vector  method  does  permit  a 
feasible  interpolation  procedure;  the  calculations  for  this 

procedure  are  outlined  below. 

Equation  26  in  paragraph  2.2.1  is  repeated  below. 

n 

D(m,n)  (r,s)  - Z { |x(n,r,s)  (i)  - rx(n)  (i)|  + 

|y(n,r,s)  (i)  - ry(n)  (i)|  } (39) 

At  the  last  stage  of  the  process,  an  optimal  coordinate  pair 
(r*,s*)  is  determined  such  that 

D(m,n)  (r*,s^)  - D(m,n)  (r,s)  (4C) 
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A'-_ 


for  the  nine  possible  choices  of  (r,s).  At  this  stage  of  the 
process  the  optimal  coordinate  position  values  are  located  to  the 
nearest  half  element.  The  Interpolation  procedure  operates  on 
the  X and  y vectors  Individually;  the  x vector  calculation  is 
given  below. 


Let  x*(n)  * x(n,r*,s*) 


(41) 


y*(n)  - y(n,r*,s*) 

The  interpolation  Is  performed  in  an  n-1  dimensional  space  with 
a "shifted"  reference  vector  sx(n-l). 

Define 


(43) 


sx(n-l)  (i)  ■ i { rx(n)  (i)  + rx(n)  (i+l)>;  i-1,  . . . ,n-l(42) 
To  a first  approximation,  sx(n-l)  represents  a shift  of  the 
reference  vector  rx(n)  by  one  half  element.  Two  vectors  u(n-l) 
and  v(n-l)  are  derived  as  follows: 

u(n-l)  (i)  = x*(n)  (i);  i-l,..,n-l 
v(n-l)  (i)  - x*(n)  (i+1) 

These  two  vectors  are  combined  with  a fractional  shift  a to  form 
w(n-l,  a)  as  follows: 

w(n-l,a)  (i)  « a u(n-l)  (1)  + (1-  o ) v(n-l)  (i) 

i«l,..,n-l  (44) 

The  interpolation  is  based  on  minimizing  tbe  square  of  the 
Euclidian  distance  between  the  vectors  sx(n-l)  and  w(n-l,  a ). 

The  distance,  which  depends  on  a , is  given  by 


n-1 

d2(a)  » E {sx(n-l)  (i)  - w(n-l ,a)  (i)  }' 
i«l 


(45) 
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Expanding  equation  45, 


d2(a)  = {sx(n-l)(i)  - V(n-l)(i)}  - 2a  E {(sx(n-l)(i) 

1=1 


v(n-l)(D)  ♦ (u(n-l)(l)  - v(n-l)(l))}  + 


I {(u(n-l)(l)  - v(n-l)(l)}‘ 


Differentiating  equation  46,  setting  the  derivative  to  zero. 


and  solving  fora  gives: 


01  » E { (sx(n-l)(i)  - v(n-l)(i))*(u(n-l)(i)  - v(n-l)(i))} 

1=1  

n-1  , 2 

E { (u(n-l)(i)  - v(n-l)(i))> 

1*1 


Since  the  reference  is  shifted  by  a half  element,  the  shift 


value  0 is  given  by 


6 = i - a 


From  equations  42  and  43,  equation  47  is  rewritten  as 


a»  i **E  {(rx(n)(i)  + rx(n)(i+l)  - 2x*(n)(i+l))*(x*(n)(i)  - 

i-1 


x*tn)  ti+1)  {x*(n)(i)  - x*(n)  (i+1) )‘ 

i-1 


m 

The  same  calculation  is  performed  using  ry(n)  and  y*(n).  Finally, 


it  is  noted  that  the  quantization  in  the  answer  is  limited  only 


by  the  number  of  places  carried  in  the  division  process 
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The  hardware  mechanization  of  this  interpolation  algorithm 
can  be  further  simplified  through  use  of  the  absolute  value  metric. 


From  equation  45,  rewritten  in  terms  of  the  absolute  value  metric: 


_ n-1  I 

d (O)  = Yi  sx(n-l)  (i)  - w(n-l,o)  (i)  I 
i-1 


d (QO  = >s  H rx(n)(i)  + rx(n)  (i  + 1)  - 2x*  (n)  (i  + 1) 
i-1 


- »(x*(n)  (i)  - x*(n)  (i  + 1) ) 


Step  1 


Compute  XU  vector: 


xu(n)  (i)  - rx(n)  (i)  + rx(n)  (i  + 1)  ~ 2x  (n)  (i  + 1)  ; 


X—  1,  •••  , n" 1 


Step  2 


Compute  XV  vector: 

xv(n)  (i)  = 2 (x*  (n)  (i)  - x*  (n)  (i  + 1)  j i-1,  ...  » 


n-1 


Step  3 


Cycle  through  a over  the  range  0<o<l: 


II—  X 

d(a*)  = min  Y xu(n)  (i)  -axv(n)(i) 
a i-1 


*,0^1 


^ = >5  -a 


As  noted,  this  scheme  eliminates  vector  multiply  and  divide  opera- 


tions enabling  a simpler  hardware  mechanization.  In  the  mechani- 
zation,® is  incremented  from  zero  in  steps  of  >jK  (K  an  integer) 
for  a total  of  2*^  + 1 correlation  computations  for  each  axis. 
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SECTION  m 

COMPUTER  SIMULATION  PACKAGE  (CSP) 


This  section  details  the  method  and  underlying  theory  in  the 
reference  and  track  programs  which  comprise  the  CSP.  The  refer- 
ence and  track  subsections  are  accompanied  by  an  overview  of 
program  organization.  Specific  detail  and  usage  of  the  CSP  are 
found  in  the  User's  Manual.  The  performance  of  the  referencing 
progreun  is  the  key  to  the  subsequent  comparative  performances  of 
the  different  tracking  algorithms.  This  section  gives  performance 
data  of  the  referencing  program  on  known  synthetic  targets  .ind  a 
measure,  the  effective  signal-to-noise  ratio,  for  comparison  with 
live  data. 

3.1  REFERENCING  PROGRAM 

To  establish  a data  base  for  evaluating  a number  of  candidate 
tracking  algorithms,  a set  of  sequential  images  must  first  be  ref- 
erenced so  that  each  specific  target  occurs  at  a fixed  position 
in  a measurement  field.  This  field  is  described  by  a 64  by  64 
matrix  of  intensity  or  gray  level  values  quantized  to  64  levels. 

At  the  outset,  without  benefit  of  "ground  truth,"  the  positioning 
is  somewhat  subjective  especially  with  regard  to  objects  and 
backgrounds  with  complex  geometries.  The  problem  is  further  com- 
pounded by  random  noise  which  independently  modifies  each  of  the 
input  gray  level  values. 
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The  reference  program  provides  for  "relntive"  positioning 
of  an  ensemble  of  points  which  comprise  a given  object  on  a frame- 
to- frame  basis.  Since  actual  measurement  error  for  the  process 
can  not  be  known  without  ground  truth,  a comparison  method  is  em- 
ployed. This  method  uses  synthetic  target  whose  position  and/or 
position  variations  are  known.  Noise  is  superimposed  on  this  syn- 
thetic target  and  results  in  a given  effective  signal-to-noise 
ratio.  The  signal  modulation  value  is  derived  from  the  spatial 
characteristics  of  tne  object  such  that  varying  geometries  and 
gray  level  structures  lead  to  varying  signal  modulation  values. 

The  signal-to-noise  measure  is  thus  applicable  to  a wide  range  of 
objects  which  are  compared  not  by  shap<i  or  gray  level  structure 
but  rather  by  the  signal  modulation  value  produced  by  the  given 
shape  and  gray  level  structure.  Thus,  to  a first  approximation, 
if  two  distinct  object  sets  have  the  same  effective  signal-to- 
noise  ratio  then  they  will  exhibit  the  same  performance  in  the 
I referencing  program.  The  performance  is  measured  in  terms  of  rms 

I position  jitter  and  track  point  drift.  The  basic  referencing 

j technique,  generation  of  the  test  targets  and  implementation  of 

I the  specific  measures  are  detailed  below. 

i in  examining  the  referencing  technique,  the  first  step  is  to 

envision  a physical  process  and  then  to  attempt  to  find  a mathe- 
matical model  which  will  emulate  t'.e  results.  In  the  physical  world 
one  would  make  photographic  positive  and  negative  transparencies  of 
an  object  on  a background  and  then  overlay  them  in  a specific 
I spatial  relationship.  If  the  pictures  were  identical  then  for  seme 

j 
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translation  of  one  picture  relative  to  the  other,  a neutral  gray 
tone  would  result  on  transmission  through  the  overlay.  For  this 


case  one  would  say  that  the  images  "match"  — not  only  at  one  point 
but  at  all  points.  At  other  positions,  a melange  of  gray  tones 
results  until  the  images  are  almost  in  perfect  registration  when 


a striking  result  known  as  a bas  relief  occurs.  (The  effect. 


caused  by  "edges"  around  image  shapes,  is  produced  in  a similar 
manner  by  differentiation  of  video  input  signals  in  actual  sensor 


output  data.  This  preprocessing  method  is  used  in  edge  tracker 
configurations  covered  in  a later  section) . For  any  case,  an  in“ 
dication  of  mismatch  due  to  translational  effects  is  given  by 


differences  that  occur  relative  to  the  neutral  gray  of  perfect 


matching. 


Rather  than  the  continuous  images  of  the  photographs  referred 


to  above,  image  representations  are  given  by  grid  overlays  on  the 


level  or  intensity  value.  The  spatial  quantization  produced  by 


the  grid  is  represented  by  a matrix  of  intensity  values  each  of 


which  is  amplitude  quantized  into  a number  of  discrete  levels. 
Both  the  spatial  and  amplitude  quantization  are  sufficiently 
fine  such  that  recreation  of  a photographic  image  from  the  matrix 
data  yields  an  image  very  Close  to  the  original.  The  referencing 
program  receives  input  imagery  in  100  by  100  matrices,  an^litude 
quantized  to  64  levels?  output  referenced  images  are  C4  by  64 
matrices  also  amplitude  quantized  to  64  levels. 


JlS 

rt 


continuous  image  where  each  grid  "cell"  is  assigned  an  average  gray 


Input  imagery  is  represented  by  a sequence  of  data  derived 
from  a sensor  which  produces  pictures  at  a given  frame  rate.  Ref- 
erencing is  performed  on  a frame-to- frame  basis;  that  is,  a 
reference"  image  (16  by  16  submatrix  of  the  input  picture  matrix) 
derived  in  frame  number  n is  compared  with  16  by  16  submatrices 
derived  from  the  image  in  frame  n+1.  Once  a "best"  match  has 
been  found,  the  particular  submatrix  yielding  the  best  match  in 
frame  n+1  is  used  as  a reference  for  frame  n+2,  etc. 

A best  match  position  is  obtained  by  first  extracting  sub- 
matrices from  the  picture  matrix  and  then  applying  a "distance" 
metric  to  the  corresponding  points  (or  values)  in  the  reference 
matrix  and  picture  submatrix. 

As  indicated  in  Appendix  I,  when  the  norms  of  the  reference 
and  picture  submatrices  are  identical,  minimization  of  the  Euclidian 
distance  or  maximization  of  the  cross-correlation  of  the  representa- 
tive forms  produce  identical  results.  The  distance  measure  is  seen 
to  be  equivalent  to  the  positive/negative  overlay  process;  however, 
in  seeking  a null  for  the  distance  measure,  no  indication  is  given 
of  how  well  the  images  match.  Correlation  values  range  from  -1 
to  +1  and  values  near  +1  indicate  an  excellent  match.  Thus, 
correlation  data  is  used  in  the  reference  program  and  allows  for 
the  elimination  of  "bad"  data;  that  is,  a running  average  of 
sequential  correlation  values  is  computed  such  that  radical  de- 
partures from  this  value  first  cause  expansion  of  the  search  range 
and  then  cause  skipping  of  a data  frame  if  the  peak  cross-correlation 
differs  by  more  than  15  percent  from  the  running  average  value. 
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pGxrc6n1i&96  value  Is  arbitrary  and  was  determined  empirically 
by  experimentation.  For  most  runs,  the  option  is  never  exercised.) 
It  is  also  noted  that  although  a correlation  measure  is  used  in 
the  referencing  program  the  specific  measure  is  too  complex  and 
too  time  consuming  to  implement  in  real  time.  The  tracker  program 
which  operates  on  this  data  employs  a much  different  algorithm 
which,  in  fact,  is  based  on  a simple  distance  measure  and  operates 
on  data  of  much  lower  dimensionality  than  that  used  in  the  refer- 
ence program. 

3.1.1  Cross-Correlation  Measure 

The  procedure  outlined  below  locates  to  the  nearest  element 
the  position  of  a 16  x 16  submatrix  within  an  input  100  x 100 
picture  matrix  such  that  maximum  cross-correlation  between  the  sub- 
matrix and  a 16  X 16  reference  matrix  occurs.  The  measure  is 
derived  from  a standard  statistical  calculation  used  to  determine 
the  correlation  coefficient  for  two  random  variables. 

Let  P be  a 100  x 100  input  matrix,  R be  a 16  x 16  reference 
matrix  and  P(m,n)  be  a 16  x 16  submatrix  of  P with  starting 

coordinates  (m,n) j that  is, 

p^j(m,n)«  P (i  + m-1,  j + n-l);i,j  * 1»  ••• 

The  cross-correlation  coefficient  at  coordinates 
p(m,n) , is  defined  as  follows: 

COV  [P(m,n)  ,R] 

P (m,n)  - p[P(m,n),R]  - 

(TV 

P(m,n)  R 

COV  (P(m,n),  R)  is  the  covariance  of  the  submatrix  at 
P^(m,n)  , and  the  reference  R and  is  expressed  as: 


, 16  (56) 

(m,n) , 

(57) 

(m,n)  , 
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COV  [p(m,n),  r]  = E [p(m,n),  r]  - ^p(m,n)^R 

where  E is  the  expectation  or  averaging  operator  and/i  and 

p (min; 

are  the  means  of  the  picture  submatrix  and  the  reference  matrix. 


respectively.  and  are  the  standard  deviations  of  the 

P(m,n)  ® 


picture  submatrix  and  reference  matrix,  respectively.  The  terms 
of  the,  correlation  coefficient  expressions  (equations  and  58) 
are  computed  as  follows: 

1 16  U _ 

E [P(m,n),  r]  = Lt  Pii  R..  (5! 


« R = 


F (m,n) 


16  16  , 


^ 256  i*l  j-1 

These  calculations  are  made  over  the  search  range 

m < m2 

ni<n<n2  < 

and  an  optimum  coordinate  pair  (m*,n*)  is  determined  such  that 
P (m*,n*)  > P (m,n)  ' 

where  (m*,n*)  and  (m,n)  are  bounded  according  to  equation  64. 


r R]  = 

1 

256 

16  U 

E E Pij  (m,n)  R 

1“1  j*l 

(59) 

— 

1 

256 

16 

z 

i*l 

16 

Z P44  (m,n) 

j=l 

(60) 
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z 

i=l 

16 

z 

j“l 

(61) 

1 

256 

16 

z 

i=l 

Z (m,n)  -P  p (m,n) 

3-1 

(62) 

j.1.2  Interpolation  In  The  Referencing  Program 

once  the  element  nearest  to  the  maximum  of  the  cross- 
correlation  function  has  been  found,  an  interpolation  procedure 
is  employed  to  obtain  the  location  to  within  fractional  resolution 
elements.  The  procedure  works  as  follows.  Using  the  coordinates 
that  yield  maximum  correlation  within  an  element,  a slightly  larger 
window  is  derived  from  the  image.  The  window  contains  two  more 
rows  and  columns  than  the  reference  images  e.g.,  an  18  by  18- 
element  window  is  derived  for  the  16  by  16-element  reference  image. 
The  reference  is  centrally  located  in  the  larger  window.  The  pro- 
gram then  extracts  16  by  16  matrices  from  the  18  by  18-matrix  by 
position  shifts  determined  by  area  weighting  of  adjacent  cells. 
This  can  be  explained  by  reference  to  figure  3.  The  initial  grid 
and  the  gray  level  values  of  the  initial  grid  (matrix  value  Pj^j, 


The  dotted  square  represents  a cell  which  has  been  displaced  by 
X and  y,  -l<x,  y<  1.  This  cell  now  overlaps  four  cells  in  the 
original  array.  The  overlap  produces  a new  gray  level  value  over 
the  dotted  square  and  this  value  is  determined  by  area  weighting. 
Prom  figure  3,  the  area  of  the  dotted  square  (taken  as  unity)  is 
segmented  into  four  sub-areas,  Al,  A2,  A3,  a4.  From  the  figure, 
the  areas  are  as  follows: 

A1  - (1  - x)  (1  - y) 

A2  - X (1  - y) 


a4  - (1  - x)  y 

For  P the  derived  matrix,  again  from  figure  3, 

P^j  - A1  Pij  + A2  Pi^  j + 1 + A3  Pi  + j + 1 + 

Pi  + i,j 

(The  extra  rows  and  columns  in  the  sample  matrix  are  seen  to  be 
required  for  overlaps  beyond  the  bounds  of  the  initial  16  by  16- 
element  array.)  A subroutine  determines  the  derived  matrix  P in 
terms  of  x and  y and  determines  the  appropriate  set  of  coordinate 
values  in  terms  of  the  algebraic  signs  of  the  x and  y displace- 
ments. Hence,  given  a displacement  (^,  Ay)  the  derived  image  P 
, approximates  the  gray  level  pattern  that  would  occur  by  an  equiva- 
lent displacement  and  seunpling  of  the  image. 

The  program  then  tests  for  a higher  cross-correlation  between 
the  displaced  image  and  the  initial  one  by  a binary  search  proce- 
dure which  is  performed  as  follows. 

Position  increments  are  made  according  to  table  I. 
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3.1.3  Corrections  For  Fractional  Positioning 

The  output  pictures  can  not  be  fractionally  positioned  with- 
out modifying  the  input  data.  Although  an  approxlnuition  to  frac- 
tional positioning  can  be  obtained  using  the  same  procedure  noted 
in  the  section  on  interpolation,  this  procedure  results  in  a loss 
of  image  resolution.  The  loss  occurs  because  the  weighted  averag- 
ing process  over  the  four  adjacent  cells  used  to  determine  a com- 
posite value  produces  spatial  filtering  dependent  on  the  magnitude 
of  the  errors.  As  a consequence  of  the  above,  the  sequential 
images  are  positioned  only  to  the  nearest  element  in  the  refer- 
encing program,  and  the  incremental  error  is  transferred  to  the 
tracker  as  data. 

The  incremental  and  integer  coordinate  data  must  be 
corrected  because  the  reference  image  for  the  next  frame  is 
not  determined  at  the  true  maximui|it  correlation  position. 

This  point  is  discussed  further  below,  and  em  emalysis  is 
given  for  one  of  the  coordinate  positions. 

Suppose  that  the  true  x positions  are  given  by  the 

sequence  {x  , x. , ....,  x }.  Each  element  of  this  sequence 
u 1 n 

is  the  sum  of  an  integer  position  nj^  emd  an  incremental 
position  i.e., 

X «n+e;  k«0,  ...,n 

k k k 


^ All  laeasureB  are  relative  to  the  initial  position  and  as  such, 

e *0.  In  positioning  to  the  nearest  element,  an  integer 
o 

shift  m is  added  to  x,  , such  that 
k+1  k+1 


|x  + m - X < 1/2 
‘ k+1  k+1  k 


Aasixming  perfect  incremental  error  position  data,  a value 


5 is  found  such  that 
k+1 


X + m + f,  - X,  - 0 

k+1  k+1  k+1  k 


From  equation  66 


n +e  +m 

k+1  k+1  k+1  k+1  k k 


suppose 


n + m - n ■ 0 

k+1  k+1  k 


so  that. 


Now, 


^k+1  " ^k  ^k+1 


e ■ e - 6 - - 6 

1 0 1 1 


.^4  *a. 


1 
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k 
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i-1  ^ 


From  equations  69  and  70, 


k+1 

- Z 6 


\ ■ "k+1  ■ ”k+l  ■ ill 


By  equations  66  and  70. 
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This  condition  can  be  met  by  modification  of  m and  6 . 

k+1  k+1 

Suppose  that 


A 

z 6 I - 1+  Z 6 + 6 I > 1/2 
i-1  i i-1  i 1^+1 


CASE  (1)  s + Z 6+6,  > 1/2 

i,l  i k+1 


6 - 6 - 1 
k+1  k+1 


“hc+1 


Then, 


Z 6 -f  6,  , + m,  , 
i«l  i k+1  k+1 


1.  *i  * * \ 


Note  that  by  equations  80  and  84,  the  modifications  to 

6 and  m produce  an  equivalent  position  but  (with  the 
k+1  k+1 

i^ppjfopriate  choice)  the  condition  of  equation  76  is  met. 
Hence,  the  algorithm  positions  data  according  to  and 

Indicate*  output  inotemental  error  as  ■■  I 

I . 


3.1.4  Overviow  of  Referencing  Computer  Program 


The  referencing  program  processes  live  or  synthetic  data  and 


generates  frame-by-frame  outputs  for  the  tracker  program.  If  the 


data  is  live,  it  has  been  generated  from  digitized  video  or  in- 


frared imagery  and  is  input  from  magnetic  tape.  For  synthetic 


data,  the  input  pictures  are  generated  internal  to  the  referencing 


program.  The  output  frames  for  the  tracker  program  are  written 


on  magnetic  tape. 


This  program  has  the  basic  function  of  deriving  a frame-by- 


frame reference  image  of  the  target.  It  does  this  by  generating 
an  initial  reference  from  the  first  picture,  based  upon  user 


supplied  information  that  specifies  the  original  location  of  the 


target.  For  each  subsequent  picture,  the  cross-correlation  func- 


tion, using  the  current  picture  and  previous  reference,  is  com- 


puted. A new  reference  is  derived  from  each  frame, selected  such 


that  it  is  centered  about  the  peak  of  the  correlation  function. 


The  program  is  capable  of  processing  up  to  180  frames  of  data, 
Frame-to- frame  correlation  may  be  done  using  as  many  possible  pic- 


ture positions  as  the  user  desires.  (Obviously,  the  100  x 100 


frame  cannot  be  exceeded. ) It  is  possible  to  change  the  picture 
from  negative  to  positive  contrast.  Synthetic  targets  may  take  on 


any  configuration  and  may  be  rotated,  segmented,  jittered,  or 
superimposed  upon  a noisy  background. 


An  option  is  provided  that  allows  the  user  to  bypass  the  tape 


output,  so  that  a user  may  checkout  new  data.  In  addition,  a 


m 


large  number  of  print  options  are  available  for  program  verifica- 
tion and  data  analysis. 

CSP  is  the  name  of  the  main  or  controlling  element  for  the 
referencing  program  (figure  4).  Initial  controls  for  the  pro- 
gram are  input  through  a set  of  data  cards. 

The  first  section  of  CSP  is  concerned  with  the  processing  of 
the  initial  picture.  Input  pictures  are  either  read  from  pre- 
processed  tapes  or  they  are  generated  internal  to  the  CSP  itself. 
The  first  type  of  picture  shall  be  referred  to  as  live  data  and 
the  latter  internally  generated  pictures  as  synthetic.  Regardless 
of  the  type  of  input,  the  processing  performed  on  the  picture  in 
order  to  derive  the  reference  is  the  same.  The  first  step,  follow- 
ing picture  input,  is  conversion  of  the  picture,  if  necessary, 
from  negative  to  positive  contrast.  Following  contrast  conversion, 
the  reference  is  derived  from  the  first  picture  based  upon  the 
card  input  target  coordinates. 

In  the  body  of  the  CSP  program,  a sequence  of  operations  is 
performed  that  derives  a new  reference  from  each  picture,  based 
upon  the  peak  correlation  between  the  current  picture  and  the  pre- 
vious reference.  That  is,  the  reference  derived  from  picture  1 
is  used  to  cross-correlate  with  picture  2 in  order  to  derive 
reference  2.  Reference  2 is  used  to  cross-correlate  with  picture 
3 to  derive  reference  3,  etc.  Although  the  heart  of  the  CSP  is 
the  correlation  processor,  there  are  a number  of  necessary  periph- 
eral processes  required. 
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CONTRAST 


Figure  4.  Referencing  Program  - Functional  Flow  Chart  (1  of  4) 
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Processing  starts  by  storing  the  units  and  incremental  posi- 
tion values  of  the  previous  reference.  The  64  x 64  output  array 
is  then  moved  to  the  upper  left-hand  corner  of  the  picture.  This 
output  array  has  the  target  area  centered  within  it.  The  incre- 
mentation process  that  accomplishes  the  pattern  movement  is  de- 
scribed in  detail  in  paragraph  3.1.2.  The  output  array  is  then 
normalized  and  presented  as  output,  if  so  desired.  In  order  to 
estimate  the  signal-to-noise  ratio  for  the  data,  intermediate 
samples  are  determined  for  each  group  of  10  references..  This 
process  is  described  in  detail  in  paragraph  3. 1.5. 2.  If  all  pic- 
tures have  been  processed,  the  program  transfers  to  the  analysis 
and  output  section  of  code. 

Assuming  that  there  are  more  pictures  to  be  processed,  the 
next  picture  is  input  (either  live  or  synthetic)  and  converted  to 
the  proper  contrast.  Cross-correlation  between  the  picture  and 
reference  is  performed,  first  to  determine  the  units  shift  and 
then  the  incremental  shift.  The  units  shift  is  determined  by  find- 
ing the  peak  correlation  to  a picture  element,  or  pixel.  The 
incremental  position  refines  the  correlation  to  within  1/16  of  a 
pixel  using  sample  values  by  area  weighting. 

Once  the  coordinates  are  determined  the  reference  is  derived 
from  the  picture.  This  process  is  the  final  step  in  the  body  of 
the  program,  and  it  is  repeated  for  all  succeeding  pictures. 

Following  processing  of  the  last  picture,  a variety  of  analy- 
ses and  outputs  are  available.  Print  keys  and  target  type  direct 
the  types  of  analyses  that  are  done  and  the  output  that  is  produced. 
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3.1,5  Reference  Program  Performance  on  Synthetic  Targets 


The  following  sections  present  an  overview  of  test  target 


generation,  the  evaluation  criteria,  and  performance  on  a number 


of  test  cases. 


3. 1.5.1  Synthetic  Target  Generation  (Figure  5) 


This  routine  requires  some  first  pass,  one-time  processing. 


This  branch  of  code  reads  in  the  target  parameter  data  from  cards, 


These  data  specify  the  target  type,  shape,  and  signal  level.  The 


target  configuration  and  signal  level  are  temporarily  stored  on 


some  mass  storage  device.  For  the  CDC  6600  a disk  file  is  used. 


If  it  is  desired  to  modify  the  target  signal  level,  this  may 


be  done  by  inputting  a value  on  the  data  cards  that  will  produce 


the  desired  value.  For  example,  the  signal  level  that  is  typically 


specified  is  15  and  the  pattern  that  has  been  used  through  testing 


is  an  X-shaped  pattern.  This  produces  a target  array  (16  x ^6^- 


shown  in  figure  6.  If  a signal  level  of  10  is  desired,  rather 


than  15,  then  the  input  data  scaling  factor  would  be  0.66  and 


the  target  pattern  would  be  stored  as  shown  in  figure  7. 


This  target,  of  course,  is  very  unrealistic.  A more  repre- 


sentative pattern  may  be  obtained  by  shaping  the  edges  of  the 


pattern.  This  process  is  accomplished  using  a filter  that 


effectively  produces  a Gaussian  taper  to  the  edges  of  the  target 


(see  figures  8 and  9) . This  completes  the  preprocessing.  The 


scaled-filtered  target  is  stored  on  the  disk  file  and  every  sub- 


sequent entry  to  the  routine  commences  at  this  point. 
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Figure  8.  Unfiltered  Target  Pattern 
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Figure  9,  Filtered  Target  Pattern 
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Consider  a 100  x 100  picture  matrix  initially  set  to  zero. 
Since  noise  may  be  added  to  the  picture,  and  the  lower  limit  pixel 
value  is  0,  this  would  not  allow  for  any  negative  noise  contribu- 
tions. In  order  to  allow  for  the  greatest  dynamic  range  the  pixel 
values  are  initially  set  at  32. 

Target  data  is  read  from  the  disk  file  and  the  signal  is 
added  into  the  appropriate  pixel  positions.  However,  if  the  target 
is  to  be  segmented,  rotated  or  jittered,  these  processes  are  per- 
formed prior  to  the  actual  additions. 

If  the  target  is  altered,  noise  is  not  added  to  the  picture. 
Otherwise,  normally  distributed  random  no^se  is  added  to  the  entire 
picture.  This  process  completes  the  generation  of  a synthetic 
picture . 

3. 1.5. 2 Effective  Signal  to  Noise  Ratio 

To  obtain  an  estimate  of  the  performance  of  the  referencing 
program  on  arbitrary  data,  a signal  to  noise  measure  is  developed 
for  the  given  pactern  data  and  comparisons  are  made  with  per- 
formance on  known,  synthetic  patterns  at  the  same  signal  to  noise 
ratio. 

The  effective  signal  to  noise  ratio,  SNR  , is  defined  as  the 

e 

ratio  of  rms  signal  modulation  to  rms  noise.  Both  of  the  above 
parameters  must  be  estimated  from  the  given  data  and  the  procedures 
are  as  follows: 

Each  input  pattern  is  given  by  an  n x n matrix  P^;  K = 1,... 
m.  The  value  m is  the  number  of  successive  frames  over  which 
data  is  taken.  (For  typical  data,  correlation  of  the  data  is 


assumed  high  for  perhaps  10  frames  and  m is  taken  as  10.)  The 
mean  pattern,  "P,  is  given  by 


P = - I (8 

k=1 


The  mean  intensity  value,  Iq,  is  defined  as  the  mean  of  the  P 
values 


Given 

fined 


the  mean  intensity, 
by 


(8 


a signal  modulation  matrix,  S,  is  de 


S.  . 
ID 


(8 


With  the  above  def ^.nitions , the  rms  signal  modulation,  V,  is 
defined  by 


■ii 


n 

n 

1 

1 

i=l 

II 

(-* 

(8 


ID 


Equivalently, 


V 


n 

I 

i*l 


n 

I 

j=l 


(P.  .)^ 

ID 


2 

I 

o 


2 

, is  estimated  by 


(9 


The  per  element  noise  value,  6 


3.1.6  Reference  Program  Evaluation 

In  the  initial  treatment  of  reference  program  performance 
(see  R&D  Status  Report  No.  3),  the  process  was  treated  as  a sta- 
tionary one  and  the  statistics  of  variance  (jitter)  and  drift 
were  obtained  from  a linear  regression  analysis.  The  reference 
process,  however,  is  more  complex  and  is  in  fact  stochastic. 
Examination  of  the  data  against  synthetic  test  targets  indicates 
that  for  each  sample,  the  x and  y values  are  incremented  or 
decremented  by  a value  6 which  depends  on  the  effective  signal— to— 
noise  ratio.  The  track  point  walks  randomly  on  the  error  plane 
making  excursions  at  45-,  -45-,  135-  or  -135-degree  angles  over  a 
distance  of  6 at  each  step.  A typical  walk  of  this  type  is 
shown  in  figure  10. 

Since  the  perturbations  are  square  waves  (or  nearly  so)  the 
variance  in  each  axis  is  6^  and  the  radial  jitter  is  VT6  units 


rms.  The  6 values  are  shown  in  figure  11  plotted  versus  effective 
signal-to-noise  ratio;  the  values  were  obtained  from  a 50-sample 
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Figure  10.  Random  Walk  of  Track  Point 
The  drift  experienced  during  any  given  test  may  not  be 
representative  and  a number  of  50-sample  runs  at  a given  signal- 
to-noise  ratio  would  have  to  be  made  to  obtain  an  average  drift 
value.  With  an  average  time  of  250  seconds  of  computer  tine  on 
the  CDC  6600  for  each  50-sample  run,  such  a test  is  expensive  and 
impractical.  However,  the  approximate  random  walk  behavior  can 
be  modeled,  and  estimates  of  the  mean  drift  can  be  made. 

The  analysis  initially  considers  x-distance  drift.  The  form 
for  the  y— axis  is  identical  and  is  ultimately  combined  with  the 
X— value  to  compute  a radxal  drift  distance  value.  The  process 
occurs  over  n— stages  where  n is  assumed  even. 
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At  each  stage  of  the  process,  the  accumulated  x-distance  in- 
creases to  x+6  with  probability  H or  decreases  to  x-6  with  prob- 
ability For  an  n-stage  process,  the  x-displacement  is  Kd 
where  -ni  ksn. 

Let  X = k 6 (95) 

If  k>0  then  there  must  be  k more  positive  transitions  than  nega- 
tive transitions  over  the  n-steps. 

Let  u » number  of  positive  transitions 

V = number  of  negative  transitions 
The  sum  must  equal  n: 

u + V = n (96) 


The  difference  must  equal  k: 
u - V = k 

These  simple  equations  imply  that 


Since  u and  v are  integers  and  n is  assumed  even,  then  k must  be 


even. 


Prob 


Prob  ( u successes  in 

I n Bernoulli  trials 


The  last  probability  value  is  given  by  the  binomial  distribution; 

i.e. , 


Prob  |k  successes  in  n trials  with  probability  p 
of  a success} 


ak  n-k 

p a-p, 


(100) 


where 


nl 

(n-k) Ikl 


For  the  given  problem,  p * and 


Prob 


k=0,  +2,  +4,  . . . , +n 
Let  E(  ) be  the  expectation  operator. 


Then 


(101) 


(102) 


From  equations  (103)  and  (105)  , 
E(x)  = 0. 


(103) 


(104) 

(105) 
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(106) 


The  variance  of  x equals  E(x^)  since  E(x)  = 0. 


Let 

or 


E (x^) 


n/2 

S 

m =-n/2 


E(x^) 


n 22  /n\  n 

Z 4(k-n/2)  6 (Is) 

k»0  \k/ 


(107) 


(108) 

(109) 


(110) 


Now 


(111) 


From  equations  110  and  111, 

E(x2)  = nfi2  (112) 

For  n large,  the  binomial  form  can  be  approximated  by  a continuous 
normal  density  with  the  same  mean  and  variance;  hence,  for  the 
given  case,  the  approximate  density  for  the  x process,  f(x,n)  is 
given  by 


f (x,n) 


(113) 


63 


An  identical  process  occurs  for  the  y axis  such  that 

1 - y2 

f (y,n)  = e 


(114) 


^2ffn6  2n6^ 

For  the  two  assumed  independent  random  processes  X(n)  and  Y(n), 
the  drift  radius  R(n)  is  given  by 

R(n)  = ^X^(n)  + Y^(n)  (115) 

The  density  for  this  random  variable  is  Rayleigh  and  is  given  by 

r -h/  r 


g(r,n)  = ^ e 


(116) 


n6^ 

Finally,  the  mean  drift  radius  *F(n)  is  detemined  from  the  Rayleigh 
distribution  mean  as 


r( 


firn 


For  n = 50 


Further, 


r(50)  = 8.8626 


Pr 


|r=^x}  = J — r e dr 


(117) 


(118) 


(119) 


Pr 


(-)  7 - 


— U Jar=l-e  \inbl 


(120) 


Given  some  probability  p,  the  value  of  x is  given  by 

X = 6^-2n  In  (1-p)  (121) 

For  n=50  and  p=0,99 

X = 21.466  (122) 
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or  for  50  samples,  the  drift  radius  in  less  than  21.46  6 with  99 
percent  probability.  The  mean  and  99  percent  probability  drift 
values  are  plotted  versus  effective  signal- to- noise  ratio  in 

figure  12. 

3.2  TRACK  PROGRAM 

The  following  paragraphs  detail  the  general  method  employed 

in  the  track  program.  In  particular,  a Morite  Carlo  procedure  and 
channel  gain  normalization  are  discussed.  An  overview  of  program 
organization  is  discussed  at  the  end  of  this  section. 

3.2.1  Monte  Carlo  Method 

The  sequence  of  input  images  to  the  track  program  is  rendered 
virtually  motionless  by  the  operation  of  the  Referencing  Program. 
Except  for  small  geometric  perturbations,  operations  on  this  set 
of  static  images  would  produce  good  results  for  all  tracker  con- 
figurations since  each  would  operate  at  a null  position.  As  will 
be  shown,  the  centroid  and  edge  track  performance  is  pattern  de- 
pendent, and  an  indication  of  true  displacement  error  depends  upon 
the  target  pattern  (or  the  portion  of  it)  appearing  within  the 
track  window.  In  a real  situation,  input  disturbances  and  tracking 
noise  cause  the  target  to  translate  relative  to  the  position  of 
the  track  window,  ultimately  causing  the  gimbal  servo  to  correct 
for  these  errors.  These  disturbances  can  be  of  limited  magnitude 
(so  as  to  prevent  "unlock**  conditions)  and  in  any  direction.  To 
simulate  this  condition,  the  referenced  images  are  randomly  dis- 
placed by  known  amounts  and  then  operated  on  by  the  trackers. 
Numbers  are  chosen  in  integer  values  from  a uniform  random  number 
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Figure  12.  Drift  Distance  (Calculated)  vs.  Effective  Sigm 

to-Noise  Ratio 


EFFECTIVE  SI6NAL-T0-N0ISE  RATIO 


generator  included  as  a subroutine  in  the  track  program.  Over  a 
long  run,  the  trackers  are  caused  to  determine  displacement  errors 
over  many  of  the  various  target  regions  each  chosen  at  random. 

The  use  of  random  rather  than  progrcimmed  displacements  does  not 
bias  the  results  since  all  possible  directions  occur  at  all  dis- 
turbance frequencies  (approximating  a "white"  noise  disturbance 
spectrum) . Since  the  disturbances  are  known,  they  can  be  accounted 
for  in  the  determination  of  tracker  error;  a perfect  tracker  would 
indicate  displacement  errors  equal  to  the  actual  displacements. 

The  actual  tracker  performance  is  not  perfect,  however,  due  to 
noise,  geometric  perturbations,  and  nonlinear  channel  gain  (edge 
and  centroid  trackers) . The  effects  of  nonlinear  gain  are  covered 
in  the  next  section. 

3.2.2  Normalization  of  Output  Data 

In  order  to  compare  the  performance  of  each  of  the  tracker 
configurations,  the  channel  gains  have  to  be  normalized.  That  is, 
as  an  error  measurement  element,  each  tracker  has  a certain  error 
gain  in  terms  of  indicated  displacement  versus  actual  displace- 
ment. For  targets  which  are  totally  enclosed  within  the  track 
window,  the  relative  gain  is  unity  for  all  configurations;  how- 
ever, for  targets  which  extend  through  the  window,  the  edge  and 
centroid  trackers  will  indicate  a relative  gain  of  less  than  unity 
This  is  shown  by  the  simple  example  illustrated  in  figure  13. 

The  object  in  figure  13b  is  displaced  one  unit  to  the  left 
of  the  same  object  in  figure  13a.  Biased  measures  are  used  for 
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Figure  13.  Sample  Target  Positions 


the  edge  and  centroid  tracker  so  that  the  change  in  measured  posi 


tion  indicates  the  track  error. 


For  figure  13a, 


X = (2(1)  + 2(2)  + 2(3)  + 2(4)  + 4(5)  +4  (6)J  /16=4 . 0 . 
a 


For  figure  13b, 


Xjj  * (2(1)  + 2(2)  +2(3)  +4(4)  +4(5)J/14  * 3.4286. 
Track  error  = ~ *■  ~ -.5714. 

Effective  channel  gain  = .5714  (actual  displacement  = -1.0). 


In  general,  the  channel  gain  is  pattern  dependent.  Now  suppose 
that  in  a sequence  of  samples,  an  observation  of  track  measure- 


ment V is  made  for  sample  n.  The  measurement  y is  determined 
■*  n n 


as  follows: 


y = Gx  + c 
n n n 


(123) 


where  G = channel  gain 


X =*  input  displacement 
n 


€ = measurement  error, 

n 


m 


I 


The  tracker  error  for  scunple  n,  y^,  is  the  difference  between  the 
observed  and  input  displacements;  that  is, 


Yn  “ X. 


n 


x^(G  - 1)  + En 


(124) 


As  shown,  when  the  gain  G is  not  unity,  the  error  indicates  both 


input  displacements  and  output  error.  This  situation  is  remedied 


by  normalizing  the  observations  to  obtain  y^^  instead  of  y^^; 

Yn  fn 

* G ■ + G (125) 


A 

Y. 


n 


^ - X 

■'n  n 


ZH 

G 


(126) 


The  results  as  given  by  equations  (124)  or  (126)  are  compared  as 
follows. 

The  input  displacements  x^  are  assvuned  to  be  random  variables 


with  zero  mean  and  variance  . The  displacements  are  also 


assumed  to  be  independent  of  the  measurement  errors,  Ej^,  which 


have  variance  . With  the  above  definitions,  the  error  variances 


are  given  by 


Var (y) 


(G  - + Og* 


(127) 


and 


Var(Y)  = 

G^  e 


(128) 


The  ratio  of  rms  errors,  r,  is  defined  by 


Var  (y) 


(129) 


Var(Y) 
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Define 


P * 

a.. 


output  rms  error 
input  rms  displacement 


(130) 


Then, 


G/(G  - l)“p'  + 1 


(131) 
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This  function  is  plotted  in  figure  14.  The  following  conclusions 
may  be  drawn  from  the  plots: 

a.  When  P is  small,  indicating  that  the  traclcer  is  ef- 
fectively reducing  the  input  displacement  (that  is, 
closely  traclcing  position  displacements)  , the  error  in- 
dicated by  equation  (124)  may  actually  be  greater  than 
the  true  error  for  low  channel  gains. 

b.  For  moderate  displacement  reductions  and  low  channel  gain, 
the  error  indicated  by  equation  (124)  is  much  smaller 
than  actual  values. 

c.  For  channel  gains  in  excess  of  .5  and  moderate  reduc- 
tion (p  » .35)  either  equation  (124)  or  equation  (126) 

is  applicable. 

To  avoid  ambiguities  in  the  assessment  of  relative  traclcer  per- 
formance, the  form  of  equation  (126)  is  used.  However,  the  gain  G 
is  unknown  (except  for  the  correlation  tracker  where  G = 1)  and  is 
pattern  dependent.  Because  G is  pattern  dependent,  it  can  not  be 
measured  directly  but  can  be  estimated  as  follows. 


Suppose  that  n samples  comprise  a tracking  run.  For  a finite 
number  of  samples  the  input  displacements  may  not  have  zero  mean. 
A zero  mean  displacement  Zj^  is  defined  as  follows.  Let 


1 n 

n ^ 

" k-1 


(132) 


and  define 


*k  ’ ^ 


(133) 


Redefine  equation  (123)  by 


^k  “ °*k  "k 


(134) 


An  estimated  yj^*  of  yj^  is  given  in  terms  of  an  estimate  of  the 


gain,  G, 


(135) 


The  estimation  error,  3^,  for  the  k^h  sample  is  defined  by 


^k  “ ^k 


- S)z 


k ®^k 


(136) 


From  equations  (134)  and  (136) , 


- + y, 


(137) 


Now,  G is  estimated  by  minimizing  the  mean  square  error;  i.e.. 


3 = 3j,= 

k-1 


G^  I - 2G  I yj^Zj^  + 2 yjt'  (138) 


The  derivative  of  3 with  respect  to  S is 


» 

..  d3 

‘ 55 


2&  Z z.  " - 2 S y^Zk 


(139) 


Setting  the  derivative  equal  to  zero  and  solving  for  G gives 


n 

k-1  ^ 

n 

k«l 


(140) 


Finally,  in  terms  of  the  initially  measured  quantities, 
n 

Z yk(Xk  - X) 


E (X.  - x)^ 

k»l 


(141) 


3.2.3  Data  Evaluation 

Data  for  all  trackers  are  collected  during  a run  and  then 
processed  (after  channel  gain  correction)  by  a simulated  servo 
loop  filter  (Refer  to  Appendix  IV  for  specific  forms) , The  simula- 
tion is  open  loop  and  provides  results  equivalent  to  closed  loop 
performance  provided  that  the  resultant  track  errors  are  small. 

The  evaluation  is  made  on  track  point  jitter  and  track  poi.it  drift. 
Since  the  simulation  is  open  loop,  the  effects  of  drift  are  mini- 
mized in  the  recorded  data  for  the  centroid  and  edge  trackers 
since  the  target  always  appears  at  a nominal  zero  position  (that 
is,  for  a long  run,  the  mean  of  the  target  displacements  approaches 
zero  since  the  displacements  are  derived  from  a uniform  population 
which  is  symmetric  about  zero) . For  a closed-loop  simulation,  any 
drift  in  the  edge  of  centroid  trackers  would  result  in  the  measure 
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of  a constantly  changing  position  on  the  target.  On  the  other  hand, 
the  correlation  tracker  reflects  the  effects  of  drift  through  the 
reference  update  routine  which  assumes  a new  target  position  if  a 
drift  occurs. 

3.2.4  Tracking  Computer  Program  Overview 

The  tracking  program  is  the  portion  of  the  Computer  Simula- 
tion Package  designed  to  simulate  the  operations  of  various  video 
tracking  algorithms  and  methods  and  determine  the  resultant  track- 
ing error  signals.  Tracking  is  performed  on  a frame  to  frame  basis 
on  video  data  prepared  by  the  Referencing  Program. 

The  program  performs,  simultaneously,  edge,  centroid,  and 
correlation  tracking,  with  various  options  for  each  type.  The 
video  data  input  consists  of  64-  x 64-element  digitized  pictures 
(frames)  read  from  a magnetic  tape.  The  first  frame  read  forms 
a reference  point  from  which  the  tracking  operations  begin.  The 
tracking  is  performed  using  a 32-  x 32-element  window  from  the 
input  frame,  and  this  window  is  shifted  from  frame  to  frame  to 
produce  target  offsets.  X-  and  Y-axis  tracking  errors  for  each 
of  the  three  tracking  methods  are  accumulated  frame  by  frame,  and 
these  signals  are  used  to  compute  statistical  data  after  all  frames 
have  been  processed.  Outputs  from  a run  include  the  error  signals, 
the  signals  after  filtering,  their  mean,  rms,  and  regression  coef- 
ficients, and  a tabulation  and  plot  of  the  spectral  density  of 
each  signal. 


I 


i 

1 
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Program  features  include  the  following; 

a.  Centroid  tracking  is  accomplished  by  computing  the 

centroid  of  a 16-  x 16-element  target  window  derived 
from  the  video  input  data  window.  It  can  be  either  a 
binary  pattern,  or  the  original  pattern  with  elements 
below  an  input  threshold  zeroed,  depending  on  an  input 
option.  The  bias  from  the  first  frame  (the  reference 


freune)  is  removed  from  all  subsequent  frames. 

b.  Edge  tracking  is  accomplished  in  a manner  similar  to 
centroid  tracking,  but  the  input  frame  is  first  exposed 
to  a video  differentiator.  The  differentiated  data  is 
thresholded,  yielding  a binary  pattern,  which  can  then 
optionally  be  exposed  to  a thinning  process. 

c.  Correlation  tracking  is  accomplished  by  finding  the 
location  within  the  32-  x 32-element  input  window 
which  has  the  highest  correlation  to  a 16-  x 16-element 
reference  target.  The  initial  reference  matrix  is  ex- 
tracted from  thes  first  frame  processed,  and  the  refer-r 
ence  matrix  is  updated  by  one  of  three  options.  One 


method  performs  a recursive  frame-to-frame  update.  The 
other  methods  update  every  n frames,  skipping  or  aver- 
aging the  data  of  the  last  n frames,  where  n is  an  input 


variable.  Any  of  several  different  correlation  computa 
tion  schemes  can  be  used,  controllable  by  input.  Pre- 
processing of  the  video  input  can  be  specified  to  use 
linear  data,  binary  patterns,  or  linear  data  above  a 
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d.  Frame-to-frame  target  offsets  can  be  either  randomly 


generated  (within  specified  limits)  or  taken  from  a table 


representing  the  servo  response  to  a transient,  and 


scaled. 


The  number  of  bits  of  the  video  input  data  used  can  be 


specified  by  card  input. 


The  following  paragraph  describes  the  main  program. 


Main  Program  (VIDTRK)  Figure  15 


The  main  program  controls  the  flow  between  the  various  sub- 


routines, performs  input  and  output  functions,  and  does  much  of 


the  actual  computation  required  for  a run.  A functional  flow  chart 


is  shown  in  figure  15. 


The  program  begins  by  reading  card  inputs  to  specify  all  run 


parameters  and  options.  Next,  the  run  conditions  are  printed. 


If  the  input  option  lOFF  specified  frame-to-frame  target 


offsets  from  a transient  table  this  table  is  computed,  using  sub- 


routine FILTER,  and  printed.  Then  certain  initialization  is  per- 


formed and  the  indices  of  the  input  32  x 32  submatrix  from  the 


input  frame  are  computed  from  the  target  dimensions.  The  input 


tape  is  then  positioned  to  the  frame  specified  to  begin  processing. 


At  this  point,  a loop  which  contains  most  of  the  remainder 


of  the  program  is  entered.  This  loop  is  executed  for  each  input 


frame  processed. 


In  all  but  the  first  time  through  the  loop,  target  offsets 


are  generated  either  randomly  or  from  the  transient  table.  Since 
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the  first  frame  forms  a reference,  or  starting  point,  no  offsets 
are  used.  These  offsets  are  then  used  to  compute  the  target  win- 
dow location. 

Subroutine  DATA  supplies  a 64-  x 64-element  video  input  frame 
digitized  to  6 bits.  The  appropriate  32-  x 32-element  submatrix 
is  extracted  and  it  is  truncated  to  a lesser  number  (IBIN)  of 
bits  if  input  parameter  IBIN  is  less  than  6. 

INHIB  is  used  to  control  the  output  of  pictorial  data  at 
several  points  within  the  main  program  loop.  If  it  is  1,  the  out- 
put is  produced;  if  0,  it  is  not.  INHIB  is  set  to  1 for  the  first 
2 frames,  the  last  frame,  and  every  IPRINT  frames  between. 

(IPRINT  is  an  input  variable.)  When  INHIB  is  1,  the  input  frame 
is  printed,  using  subroutine  PIX. 

The  next  portion  of  the  program  concerns  the  preprocessing 
of  the  data  used  for  edge  tracking.  This  begins  with  subroutine 
GRAD,  the  video  differentiator.  The  video  gradient  pattern  is 
optionally  output,  followed  by  the  threshold  routine  BINPAT, 
which  yields  a binary  pattern.  If  no  points  were  found  above  the 
threshold  (resulting  from  a too  high  threshold  level  input)  , a 
diagnostic  message  is  printed.  If  this  occurs  on  either  of  the 
fitst  two  frames,  the  case  is  aborted,  and  control  transfers  to 
read  inputs  for  the  next  case.  On  subsequent  frames,  execution  of 
the  case  continues,  but  the  edge  tracking  portion  is  skipped,  and 
the  tracking  errors  from  the  previous  frame  are  used.  The  last 
step  in  edge  track  preprocessing  is  optional  thinning  (Subroutine 
THIN).  This  preprocessed  data  is  then  optionally  printed  out. 
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and  CENTRD  is  called  to  determine  the  target  location.  On  the 
first  frame,  the  errors  generated  are  stored  as  "bias"  errors,  to 
be  subtracted  from  subsequent  frames'  errors. 

The  next  portion  of  the  program  is  the  preprocessing  of  the 
correlation  tracking  data.  Subroutine  BINPAT  is  used  if  binary 
pattern  processing  is  specified  and  THRLIN  is  used  if  linear  above 
a threshold  is  specified.  Cases  where  no  elements  above  the 
threshold  are  found  are  handled  exactly  as  for  the  edge  tracker. 
This  preprocessed  data  is  optionally  printed. 

Following  this  is  the  preprocessing  of  the  centroid  tracker 
input,  again  using  either  BINPAT  or  THRLIN,  just  as  for  the  cor- 
relation input,  except  that  linear  processing  is  not  an  allowable 
option . 

If  the  first  frame  is  being  processed,  the  initial  correla- 
tion reference  matrix  is  extracted,  and  CENTRD  is  called  to  com- 
pute the  initial  bias  errors  which  must  be  subtracted  from  sub- 
sequent centroid  errors.  Control  is  then  transferred  to  either  the 
end  of  the  loop  or  to  the  updating  routine  UPDATE.  (The  recursive 
update  routine,  UPDTRC,  is  not  called  for  the  first  frame.) 

On  other  than  the  first  frame,  the  correlation  reference 
matrix  IREF  is  printed,  and  subroutine  CENTRD  is  called  (unless 
no  elements  above  the  threshold  were  found)  to  perform  the  centroid 
tracking.  Subroutine  CORREL  performs  the  correlation  tracking  com- 
putations unless  no  elements  were  found  above  the  correlation 
threshold. 
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The  X and  Y tracking  signals  and  errors?  are  printed  for  each 
type  of  tracker.  The  signals  labeled  XM  and  YM  are  the  raw  signals 
generated  and  those  labeled  XC  and  YC  are  the  remaining  errors 
after  the  input  frame  offset  and  incremental • errors  are  subtracted. 

Finally,  the  correlation  reference  matrix  IREF  is  updated 
by  either  subroutine  UPDATE  or  UPDTRC.  That  ends  the  loop  for  each 
input  frame  to  be  processed.  The  remainder  of  the  program  is  ex- 


ecuted only  once  per  case  run. 


The  X-  and  Y-axis  gains  for  the  edge  and  centroid  trackers 


are  computed  from  the  tracking  signal  and  total  target  offset 
tables.  The  tracking  error  signal  is  then  redefined  as  the  dif- 


ference between  the  tracking  signal  divided  by  the  gain  and  the 


actual  offsets.  (The  gain  of  the  correlation  tracker  is  one  and  is 


set  to  this  value.) 


The  tracking  errors  thus  computed  are  filtered  by  subroutine 
FILTER  and  the  raw  errors  and  filtered  errors  are  printed  out. 
Subroutine  regress  computes  the  mean,  rms,  and  regression  coef- 
ficient of  each  signal,  and  this  statistical  summeiry  is  output. 
Finally,  subroutine  SPCDEN  computes  the  spectral  density  of  each 
error  signal  and  PLOTF  produces  a printer  plot  of  the  spectral 


densities. 


That  ends  the  processing  of  a case,  and  control  is  trans- 


ferred to  read  in  the  input  for  the  next  case,  if  one  exists. 


SECTION  IV 


PREPARATION  OF  IMAGERY  DATA 


4 . 1 INTRODUCTION 

This  section  details  the  methods  used  in  the  preparation  of 
sequential  image  data  for  further  operations  performed  by  the 
reference  and  track  programs.  Each  data  type  (TV  or  IR)  is 
accomiaodated  differently : the  TV  imagery  is  processed  photo- 
graphically prior  to  digitization;  IR  imagery  is  provided  in 

» 

digitized  form  and  then  digitally  transfdrmed  for  compatibility 
with  the  reference  progrzun. 

4.2  TV  IMAGE  PROCESSING 

4.2.1  TV  Image  Preparation  - Digitization 


After  some  experimentation,  the  following  procedure  was 
adopted  for  the  preparation  of  TV  data  tapes.  Imagery  is  first 
displayed  on  a monitor  and  recorded  on  16  mm  negative. film.  A 
light  emitting  diode  array  in  front  of  the  monitor  is  also  feljoto- 
graphed  to  display  a time  code  for  identification  of  the  data 
frame.  A "data"  film  is  then  made  by  using  three  strips  of  7 
sequential  images  placed  side  by  side  on  a mask.  A diagram  of  the 
mask  is  shown  in  figure  16.  Using  the  size  markers,  the  set  of 
images  is  enlarged  by  3:1  so  that  the  rectangle  defined  by  the 
size  markers  is  5 inches  by  7 inches;  enlargements  are  made  on  8- 
by  10-inch  negative  film.  The  film  is  cut  using  the  size  markers 
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Figure  16.  Film  Preparation  Mask 

as  guides  and  punched  for  placement  in  the  photo scanner . Two  holes 
near  the  top  of  the  film  provide  the  guide  holes. 

After  the  data  film  has  been  prepared,  each  frame  is  examined 
and  a small  pinhole  is  placed  offset  from  the  target.  The  photo- 
scanner scans  the  data  film  vertically  crossing  the  scan  lines  in 
the  TV  image  at  right  angles  to  minimize  Moire'  effects.  A machine 
language  program  was  developed  for  the  photoscanner  to  automate 
the  process.  In  the  first  step  of  the  process,  the  photoscanner 
scans  the  entire  data  film  and  finds  and  stores  the  pinhole  loca- 
tions. Scanning  is  performed  with  a 100-36^m  beam  and  film  density 
data  is  measured  with  8-bit  quantization.  In  the  second  step  of 
the  process,  the  photoscanner  retraces  its  steps  until  it  locates 
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the  .first  pinhole.  Using  this  point  as  a reference,  the  intensity 


values  over  the  100  by  100  window  are  examined  and  a bias  value  is 


determined  for  use  in  optimally  converting  the  8-bit  data  to  6-bit 


data  for  recording  on  digital  tape.  The  same  steps  are  used  for 


all  pictures  (21  or  less)  on  the  data  film  resulting  in  packed 


recordings  of  166  by  100  pictures  with  100-36^m  picture  elements 


(pixels)  of  S bits. 


4.2.2  TV  Imaging  Processing  - Compatible  Tape  Generation 


A prograun  was  developed  which  processes  digitized  image 


tapes  from  the  Westinghouse  DDP-124  computer  and  generates  a 


machine  compatible  output  tape  which  interfaces  with  tne  refer- 


encing progrouns. 


The  sequence  of  processing  operations  for  the  CSP  programs 


is  shown  in  figure  17.  From  this  diagreun  it  can  be  seen  that  the 


conversion  program  uses  the  lab  tape  (DDP-124)  directly.  In 


general,  this  is  not  an  unreasonable  requirement.  Occasionally, 


these  tapes  may  exhibit  compatibility  problems,  such  as  abnormal 


frame  counts  or  parity  errors.  In  this  event,  a copy  program  is 


employed  which  neglects  these  problems  and  produces  a tape  in  the 
original  format  of  correct  frame  count  and  parity  with  nominal 


alterations  to  the  recorded  data.  The  new  tape  copy  is  then  used 


as  input  to  the  conversion  program. 


The  conversion  progreun  is  written  in  FORTRAN  and  is  machine 
specific.  However  two  versions'  of  the  program  exist,  one  for  the 
UNIVAC  and  one  for  the  CDC  6600.  It  reads  a binary  tape  from  the 
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Honeywell  DDP-124  and  reformats  the  data  onto  a compatible  BCD 
tape  using  FORTRAN  I/O. 

Table  II  gives  a detailed  description  of  TV  image  tape  which 
is  input  to  the  conversion  program.  A program  option  permits 
usage  of  an  alternative  tape  format  which  has  interlaced  files  of 
images  and  track  windows.  The  alternate  tape  format  is  shown  in 
table  III.  In  addition  to  the  image  tape,  a data  card  input  is 
required  which  contains  program  options  and  exercise  title.  The 
format  of  this  card  is  given  in  table  IV. 

The  compatible  tape  has  132  character  records  if  produced  on 
the  UNIVAC  and  100  character  records  if  produced  on  the  CDC.  The 
tape  is  unlabeled.  All  of  the  information  on  the  tape  is  con- 
tained in  one  file.  Approximately  250  images  may  be  output  on  one 
tape.  On  the  CDC  6600,  this  tape  is  processed  as  an  "X"  or  "S" 
tape.  Thin  designation  on  the  REQUEST  card  is  the  only  special 
requirement  for  using  the  compatible  tape.  Table  V gives  a 
summary  description  of  all  tapes  in  the  CSP  interface.  Specific 
foniiat  of  the  compatible  tape  is  shown  in  table  VI. 

A flow  chart  for  the  conversion  program  is  given  in 
figure  18.  After  producing  the  compatible  tape,  a quantized 
representation  of  the  first  image  is  printed  which  may  be  used 
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Table  III.  Digital  Image  Tape  Alternate  Format 
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Figure  18.  Tape  Conversion  Program  Flow  Chart 
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4.2.3  TV  Imagery  Data  Runs 

The  production  runs  of  the  Computer  Simulation  Package  were 
conducted  with  four  selected  samples  of  the  TV  imagery  data,  runs 
number  2 through  5 which  are  presented  in  Appendix  IV.  The  in- 
put data  runs  are  each  composed  of  126  frames  of  TV  imagery, 
processed  in  sets  of  21  frames.  The  data  runs  were  taken  from  a 
TV  video  tape  of  a drone  target  aircraft  being  tracked  by  the 
AFWL  Field  Test  Telescope  on  day  number  299  of  the  test  program. 
Run  number  one  taken  from  this  data  was  not  used  since  it 
contained  the  same  imagery  as  run  munber  4 but  without  a 
time  code  reference.  Run  number  2 also  without  a time  code 
reference  and  run  number  3 were  processed  early  in  the  program 
using  a monitor  display  which  introduced  a pattern  of  vertical 
bars  of  gradually  increasing  darkness  from  left  to  right  across 
the  imagery.  This  pattern  was  traced  to  interference  in  the  moni- 
tor electronics  and  was  eliminated  from  later  runs  by  replacing 
the  TV  monitor.  Data  run  number  2 shows  the  aircraft  in  level 
flight  in  front  of  a sky  background.  The  drone  fuselage  appears 
dark  and  the  sunlit  wings  light  against  the  sky.  The  time  of  the 


start  of  the  run  was  approximately  hour  17  minute  46  on  the  time 
code  clock. 

Run  number  3 selected  from  the  same  elliptical  orbit  of  the 
drone  target  shows  the  aircraft  against  the  sky  background  as  it 
turns  and  reduces  altitude  at  the  left  end  of  its  orbit.  This 
data  set  was  chosen  as  an  example  of  a rapidly  changirig  target 
aspect  with  changes  in  .the  magnitude  and  polarity  of  the  target 
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contrast  as  well.  The  first  frame  of  this  data  run  occurred  at 


day  299,  hour  17,  minute  46,  second  25.03  according  to  the  time 


code  reference. 


Data  runs  numbers  4 and  5 were  processed  later  in  the  pro- 


gram. At  this  time  an  array  of  light  emitting  diodes  was  con- 


structed and  mounted  along  the  left  edge  of  the  monitor  to  dis- 


play the  time  code.  Run  number  4,  starting  at  day  299,  hour  17, 


minute  46,  second  31.37,  shows  the  target  in  level  flight  at  low 


altitude  in  front  of  a rapidly  changing  mountainside  background. 


Run  number  5,  starting  at  day  299,  hour  17,  minute  46,  second 


44.67  shows  the  drone  climbing  across  the  mountain— sky  horizon 


and  changing  aspect  in  the  turn  at  the  right  end  of  its  orbit. 


4.3  IR  IMAGE  PROCESSING  - COMPATIBLE  TAPE  GENERATION 


Digital  IR  image  tapes  were  prepared  by  the  Computational 


Services  Division  at  Kirtland  Air  Force  Base,  by  direction  of  the 


Pointing  and  Tracking  Branch  (LRO)  project  office.  The  sequence  of 


operations  followed  in  processing  these  tapes  is  similar  to  that 


shown  in  figure  18.  The  source  and  tape  format  are  different  from 


the  TV  case . The  program  required  to  correct  the  data  to  a com- 


patible format  is  also  unique.  The  TV  data  was  processed  on 


UNIVAC  machines,  and  the  IR  data  was  processed  on  a CDC  6600. 


The  resulting  compatible  tape  and  printout  are  as  similar  as 


possible  although  obtained  from  different  machines.  No  changes 


are  required  by  the  referencing  program  to  process  IR  tapes. 





Table  VII  gives  the  fomnaat  of  the  IR  digital  input  tape.  The 
images  recorded  on  the  tape  are  of  varying  dimension,  40  x 130  or 
40  X 260.  The  row  dimension  is  fixed  at  40.  The  fifth  word  of 
the  header  record  proceeding  each  image  record  contains  the 
column  dimension  of  the  subsequent  image.  The  image  values  are 

stored  as  real  numbers  in  volts. 

value  is  used  for  elements  in  the  fixed  size  array 

for  which  no  value  was  recorded.  The  value  of  the  filler  in  each 
frame  is  the  average  of  the  second  and  third  elements  of  the  first 
column.  Following  the  image  data  is  a record  containing  the  azi- 
muth of  each  coliimn.  The  image  azimuth  values  have  been  configured 
so  that  the  azimuth  is  generally  increasing  on  each  frame,  creat- 
ing a sawtooth  scan.  To  accomplish  this,  the  image  and  azimuth 
data  on  every  other  scan  have  been  inverted.  Actually,  consecu- 
tive scans  have  increasing  then  decreasing  azimuth. 

The  output  tape  produced  by  the  conversion  program  (TARRED) 
is  consistent  with  the  requirements  of  the  referencing  program, 
as  described  in  table  VI.  This  tape  is  processed  on  the  6600  as 
an  S or  stranger  tape.  The  image  size  is  limited  by  the  refer- 
encing program  which  requires  an  array  100  x 100.  Image  elements 
are  limited  to  6 bits  maximxxn  value.  A maximum  of  250  images  may 
be  processed. 

A flow  chart  of  the  processing  sequence  of  the  conversion 
program  is  given  in  figure  19.  The  program  is  composed  of  9 
FORTRAN  routines. 
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Observed  images  show  a constant  azimuth  position  displace- 
, ment  of  the  target  in  the  image  field  in  consecutive  scans.  This 

bias  may  be  caused  by  the  inverted  scan  data,  a recording  problem, 
system  noise,  or  a biased  scan.  The  IE  compatible  tape  generating 
program  has  an  option  to  correct  this  bias. 

Some  processing  is  required  to  fit  the  IR  image  into  a 100  by 
100  array.  For  the  small  image  (40  x 130),  the  first  and  last  5 
columns  are  deleted.  For  the  larger  image  (40.  x 260) , the  first 
and  last  10  colxmns  are  deleted.  A 40  x 40  or  40  x 80  array  is 
produced  by  averaging  3 consecutive  columns.  This  resultant  array 
is  centered  in  the  100  x 100  array  and  the  remaining  rows  and 
columns  filled  with  a background  value. 

The  IR  detector  array  in  the  system  has  interlaced  elements; 
therefore,  at  a given  azimuth  position,  half  of  the  detector  ele- 
ments, alternate  ones,  are  lagging  in  azimuth.  IR  data  are 
recorded  before  the  system  corrections  are  made,  which  results  in 
distortion  of  the  digital  IR  image.  The  conversion  program  ad- 
justs alternate  rows  to  correct  for  detector  interface. 

Image  elements  processed  in  the  referencing  program  are 
assigned  units  in  shades  of  gray.  Since  the  IR  data  are  recorded 
in  volts,  a conversion  of  the  input  data  to  gray  scale  is  made 
before  writing  the  compatible  tape. 

Two  data  cards  are  required  for  input  to  the  conversion 
program.  They  contain  control  and  printout  options.  The  formats 
of  these  cards  are  given  in  table  VIII. 
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SECTION  V 

TRACKER  PERFORMANCE  EVALUATION 

9f 

This  section  details  the  results  and  data  obtained  with  the 
CSP  during  evaluation  of  the  digital  correlation  tracker  and  its 
options  as  compared  with  the  edge  and  centroid  trackers.  Initial 
tests  were  performed  on  abbreviated  sequences  of  21  data  frames. 
After  the  set  of  options  was  reduced,  additional  runs  were  per- 
formed on  a variety  of  target/background  and  target  variation 
scenarios.  The  tests  were  performed  on  both  TV  and  IR  imagery. 
5.1  TRA.CKING  EXPERIMENTS 

Initial  tracking  experiments  were  run  with  the  computer 
simulation  package,  CSP,  to  determine  some  of  the  basic  tracker 
characteristics  and  the  effects  of  parameter  variations.  The 
initial  runs  were  abbreviated,  having  been  run  on  a sequence  of 
21  successive  frames;  however,  the  data  are  relatively  high 
contrast  with  high  signal-to-noise  ratio  such  that  the  effects 
are  produced  by  geometric  variations  rather  than  noise. 

The  data  set  used  is  shown  in  the  photograph  of  figure  20. 
Thf  first  picture  appears  in  the  upper  right  hand  corner 
(top  of  first  column  reading  from  right  to  left) . The  next 
and  subsequent  pictures  appear  below  it  (seven  total)  with 
the  eighth  picture  at  the  top  of  the  middle  column,  etc. 

The  data  in  the  computer  printouts  which  follow  have  the 
same  vertical  orientation  but  mirror  image  horizontal 


orientation.  This  format  occurs  becauMi  of  th«  sceuining  and 
recording  method  employed  in  the  photoscan  digitizer. 
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Two  track  points  were  used:  (1)  the  nose  of  the  aircraft, 
and  2)  the  section  near  the  wing  which  is  greatly  foreshortened 
at  the  given  aspect  cuigle. 

The  accompanying  figures  summarize  the  data  and  show  the 
pre-processed  video  in  the  32  by  32  element  windows.  A 
rectangle  has  been  drawn  on  these  pictures  to  indicate  the 
track  window  (16  by  16  elements)  . The  run  data  are  summarized 
in  table  IX.  'v 

The  following  general  observations  and  conslusions  are 
drawn  from  these  data: 

Observation: 

In  runs  39  through  43  (a  track  on  the  nose  section),  the 
vertical  or  y gain  of  the  centroid  and  edge  tracksrs  is  nearly 
unity  while  the  horizontal  gain  averages  around  0.4.  This 
effect  was  explained  in  paragraph  3.2.2  on  gain  normalization. 
For  most  of  these  cases,  the  radial  error  would  have  been 
higher  than  indicated  if  gain  normalization  had  not  been  used. 
In  run  30,  the  centroid  pattern  is  essentially  within  the 
window  resulting  in  high  x-and  y-gains.  The  edge  pattern 
however  extends  through  both  sides  of  the  window  leading 
to  low  X measure  definition  «uid  consequently  a low  x-gain. 
Compensation  for  the  low  x-gain  in  the  edge  tracker  results 
in  low  drift  (bias  errors  are  minimal)  but  high  resultant 
noise  error. 
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CENTROID  0.9598  0.8818  0.2822  0.7915  LIN/THRESH  AT  40 
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Table  IX.  Run  Summary  (Continued) 


Conclusion ; 

Gain  normalization  is  required  to  compare  the  various 
configurations.  The  gains,  however,  are  derived  from  the 
data  and  are  not  self-determined  in  the  tracking  algorithms. 

As  a consequence,  unless  the  gains  could  be  adjusted  in  the 
hardware  in  accordance  with  the  target  geometry  (or  some 
I means  could  be  implemented  to  determine  the  gain  on  a frame 

t 

by  frame  or  frame  average  basis) , the  lower  gains  would 
reduce  track  bandwidth  and  dynamic  tracking  capability.  The 
correlation  tracker  is  a one— to— one  measure  and  does  not  have 
this  failing. 

Observation; 

Comparing  run  39  with  other  runs  indicates  that  for  these 
cases  thinning  of  the  gradient  pattern  is  detrimental. 
Conclusion; 

Since  thinning  requires  extra  operations  its  possible 
benefit  is  doubtful  and  future  runs  will  not  exercise  this 
option . 

Observation; 

Although  the  noise  (radial  error)  performance  of  the 
correlation  tracker  is  consistent  from  run  to  run  (39  to  43), 


i 

i the  drift  error  depends  on  the  update  rate  with  no  updates 

yielding  the  best  performance. 


Observation; 

Comparing  runs  39,  40,  and  41,  it  is  noted  that  better 
performance  in  the  centroid  tracker  is  obtained  with  linear- 
above-threshold  rather  than  with  binary  preprocessing.  At 
a threshold  level  of  40  (out  of  63) , the  performance  is  about 
the  same,  while  setting  a threshold  level  of  32  yields 


siqnificantly  better  performance. 


Conclusion: 

Performance  of  the  centroid  tracker  is  threshold  level 
dependent  (another  manifestation  of  geometric  dependence 
induced  by  threshold  level  setting) . A threshold  must  be  used 
since  the  background  weighting  would  produce  very  low  x and 
y gains.  Further,  not  only  must  the  appropriate  threshold 
be  found  but  also  the  proper  contrast  sign  must  be  determined. 

This  latter  effect  could  produce  severe  problems  under 
contrast  sign  inversions  produced  by  changing  backgrounds.  The 
correlation  tracker  does  not  have  this  failing  because  it  can 
operate  with  linear  data.  Neither  does  the  edge  tracker  since  it 
operates  on  the  magnitudes  of  the  contrast  changes. 

5.2  EVALUATION  OF  REFERENCE  PROGRAM  ON  FIXED  TARGET  IR  DATA 

An  experiment  was  performed  to  te.-.:  the  referencing  program 
against  a stationary  target  viewed  by  the  FTT  sensor.  Data  were 
provided  by  AFWL  in  the  form  of  digitized  tape  records.  The  tapes 
were  preprocessed  to  form  input  data  suitable  for  application  in 
the  referencing  program  (details  are  given  in  Section  IV) . The 
preprocessing  quantizes  the  data  into  64  grey  levels,  provides  for 
alternate  channel  destaggering ,and  frame  to  frame  position  shifts. 
Data  in  the  azimuth  or  x-direction  are  also  digitally  integrated 
to  approximate  equivalent  x-  and  y-channel  resolutions.  The  target, 
a square,  was  measured  in  both  wide-  and  narrow-angle  fields  of 
view.  Referencing  program  data  are  shown  on  pages  346  and  376. 

The  data  were  analyzed  to  obtain  the  results  summarized  in  Table  X. 


i 


Offset  data  were  obtained  from  a mean  of  the  average  jump 
bet%#een  alternate  d2ita  frames;  the  jump  was  subtracted  to  compute 
the  overall  statistics  for  a given  run.  As  indicated,  the  offset 
bias  for  the  narrow-angle  FOV  was  almost  perfectly  preset. 
Introduction  of  the  appropriate  offset  siLnimizes  the  required  search 
range  of  the  referencing  program;  the  offset  does  not  affect  the 
ability  of  the  reference  program  to  position  the  target. 

The  data,  as  analyzed,  include  the  effects  of  track  point 
drift.  When  drift  is  accounted  for,  the  apparent  rms  errors  are 
smaller  than  indicated  values.  As  noted,  the  x-channel  errors 
are  inversely  proportional  to  the  effective  signal-to-noise 
ratio.  No  effective  processing  is  performed  on  Y-channel  data 
emd  the  resultant  noise  is  smaller;  the  X channel  data  reflect 
noise  that  occurs  in  the  preprocessing  to  form  integrated  and 
destaggered  patterns. 

In  both  cases,  the  combined  effects  of  noise  and  drift 
result  in  track  point  motion  of  less  than  an  element  dimension 
rms . 
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5 . 3 CSP  DATA 


The  computer  printouts  contained  in  Appendix  V are  refer- 
ence and  track  programs  on  the  targets  indicated  in  table  XI . The 
data  in  these  figures  are  presented  in  the  following  forms. 

For  the  reference  program,  a table  of  coordinate  error 
values  is  prese-^ted  which  indicates  the  target  track  point 
relative  to  its  initial  value  in  the  first  data  frame.  The  inter- 
pretation of  these  data  varies  as  a function  of  the  type  of  target 
being  referenced:  for  the  IR  data  with  a stationary  target,  the 

data  serve  to  evaluate  the  reference  program  (as  indicated  in  the 
previous  section) ; for  the  IR  data  with  a moving  target,  the 
data  indicate  actual  FTT  tracker  performance  versus  the  referencing 


Table  XI 

Target  Run  Summary 


Run 

Number  Target  Description  Sensor 


80  A/C  Level  Flight;  Sky  Background  - Track  on  TV 

Wing 

82  A/C  Aspect  Changing  in  Turn;  Sky  Background;  TV 

Track  on  nose 


84  A/C  Level  Flight;  Mountain  Background;  Track  on  TV 

Tail 


86  A/C  Climbing  and  Turning;  Crossing  Horizon; 
Track  on  Nose 

88  Stationary  Target  NFOV 

90  Stationary  Target  WFOV 

92  A/C  Target;  Track  on  nose;  NFOV 

94  A/C  Target;  Track  on  nose;  WFOV 


TV 

IR 

IR 

IR 

IR 
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program  performance  in  interpretation  of  the  same  data;  for  TV 
data,  these  data  include  both  FTT  tracker  errors  and  the  gross 
errors  due  to  initial  target  identification  pinhole  positions 
applied  manually.  Other  reference  program  data  included  a table 
of  effective  signal- to-noise  ratios  computed  over  groups  of  10 
data  frames.  It  is  noted  that  for  the  TV  data,  the  values  can  be 
scaled  to  actual  values  by  multiplication  by  0.005  times  the 
vertical  field  of  view  dimension;  the  IR  data  values  can  be 
obtained  by  sizing  the  rectangle  shown  in  the  stationary  target 
data. 

The  track  program  data  are  presented  in  the  following  format; 

The  initial  sets  are  32-by-32-element  windows  of  the  last  frame  in 
the  sequence.  These  include  the  input  data,  video  gradient  data, 
edge  tracker  input  data,  correlation  tracker  input  data,  and  centroid 
tracker  input  data.  The  next  printout  indicates  the  16  by  16 
correlation  reference  matrix  (or  submatrix  of  data  from  which  che 
reference  vectors  are  derived)  and  error  and  input  value  data. 

The  next  printout  indicates  the  run  conditions  and  a table 
of  derived  tracker  channel  gains.  Subsequent  printouts  indicate 
listing  of  raw  and  track  loop  filtered  errors,  the  statistical 
data  (rms  radial  errors  and  drift  from  a regression  analysis) 
derived  from  the  input  data,  and  finally  the  power  spectral  density 
calculations  and  plots  for  the  data. 

Tracking  jitter  (rms  radial  error)  and  track  point  drift  are 
summarized  in  table  XII. 


As  a general  note,  the  correlation  tracker  configuration 
employed  in  these  CSP  runs  represents  that  upon  which  the 
preliminary  design  given  in  Section  VI  was  based.  The  configuration 
uses  5-bit  input  data,  the  sum  of  absolute  values  metric,  and  a 
single  iteration  exhaustive  search  of  the  input  data. 

Table  XII 

Track  Point  Jitter  and  Drift 


Run  Jitter 

Number  Resolution  Elements  RMS 


Corr.  Centroid 


0.1052 

0.4275 

0.5248 

1.2390 

0.0884 

0.3021 

0.4863 

0,2660 


0.  464 

0.6283 

0.7894 

3.3139 

0.1053 

0.2910 

0.6276 

0.4273 


Drift 

Resolution  Elements 


Edge 

Corr. 

Centroid 

Edge 

1.9554 

1.0992 

1 

0.1425 

1.1998 

0.5794 

2.6858 

4.4465 

3.7750 

2. 1277 

1.5570 

2.6720 

8.1201 

2.6211 

3.3134 

7.117 

10.8888 

0.2755 

0.4539 

0.4295 

0.5178 

0.5259 

0.9743 

0.8748 

0.8322 

0.900 

2.2543 

3.3800 

15.5169 

1.3331 

1.3408 

0.7466 

1.4386 

I 


1 


ft 
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SECTION  VI 

PRELIMINARY  DIGITAL  CORRELATION  TRACKER  DESIGN 
6 . 1 INTRODUCTION 

During  the  analytical  evaluation  of  the  digital  correlation 
tracker  three  separate  approaches  to  the  correlation  tracking 
implementation  were  considered.  Early  in  the  Phase  I analysis  a 
gradient  search  for  location  of  the  correlation  function  maximum 
and  a measurement  of  the  correlation  function  centroid  were  con- 
sidered as  techniques  for  deriving  tracking  error  signals.  Both 
techniques  were  discussed  in  the  "Proposal  for  a Digital  Correla- 
tion Tracker”  dated  31  May  1973.  The  latter  of  these  two  techniques 
was  quickly  rejected  because  of  the  number  and  complexity  of  the 
calculations  required  which  made  it  impractical  to  implement  for 
real  time,  high  data  rate  operation.  Investigation  of  the 
gradient  and  other  search  techniques  continued  through  the  first 
three  months  of  the  program  as  the  first  principal  approach  to  the 
tracker  implementation.  The  search  techniques  also  were  abandoned 
when  it  was  found  that  the  correlation  function  was  irregular  and 
frequently  local  false  maxima  were  found  producing  erroneous 
tracking  error  signals. 

Since  the  search  techniques  had  proven  unsatisfactory,  various 
methods  of  reducing  the  number  of  calculations  required  to  conduct 
an  exhaustive  examination  of  the  track  window  for  the  correlation 
function  maximum  were  considered.  Two  particular  procedures  were 
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selected.  The  first  was  a reduction  in  the  number  of  elements  in 
the  picture  vector  through  the  summation  of  blocks  of  4 contiguous 
picture  elements  to  create  new  data  elements  in  a lower  resolution 
picture.  A 32-  by  32-element  picture  would  be  converted  into  a 
16-  by  16-element  and  then  an  8-  by  8-element  picture  array.  The 
location  of  the  correlation  function  maximum  would  then  be  found 
first  in  the  low-resolution  8-  by  8-element  array  which  locates 
the  region  to  be  examined  in  the  16-  by  16-element  array.  The 
location  of  the  correlation  maximum  in  this  array  in  turn  isolates 
the  area  to  be  examined  in  the  high-resolution  32-  by  32-element 
array  wh€;re  the  final  location  of  the  maximum  is  found  and  track- 
ing error  signals  are  derived. 

The  second  procedure  for  reduction  of  the  number  of  calcula- 
tions involved  the  derivation  of  lower  dimensional  arrays  repre- 
sentative of  the  picture  array.  The  location  of  the  position  of 
the  correlation  function  maximum  between  these  arrays  derived 
from  the  reference  picture  and  the  new  imagery  would  then  be 
found.  Implementation  of  this  procedure  is  accomplished,  for 
example,  by  taking  the  256  picture  elements  which  comprise  a 16- 
by  15-element  picture  array  and  adding  the  elements  in  each 
row  to  form  a linear  array,  or  marginal  vector,  of  16  values 
representing  the  rows  of  the  picture.  Similarly,  the  elements  in 
each  column  are  processed  to  form  a second  linear  array.  The  x 
and  y coordinates  of  the  maximum  of  the  correlation  functions 
between  the  marginal  vectors  for  the  reference  picture  and  those 
for  the  scene  within  the  track  window  are  then  located.  The 
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computation  thus  involves  correlation  between  four  16-element 
linear  arrays  for  each  possible  target  location  instead  of  the 

original  two  256-element  arrays. 

At  the  start  of  the  preliminary  design  effort,  work  was 
centered  on  the  development  of  a configuration  incorporating  both 
of  these  procedures  to  minimize  the  number  of  calculations.  The 
algorithm  to  be  implemented  in  the  design  was  as  described  in 
section  II  of  this  report  taken  from  R&D  Status  Report  No.  5 
dated  30  March  1974.  This  second  approach,  because  of  the  variety 
in  the  types  of  calculations  required,  led  to  a design  configura- 
tion incorporating  the  features  of  a minicomputer . The  resultant 
design  concept,  described  in  R&D  Status  Report  No.  6 dated 
30  April  1974,  was  finally  rejected  due  to  the  high  degree  of 
complexity  and  cost  of  the  minicomputer. 

A compromise  approach  was  then  taken  which  included  only  the 
second  of  the  above  procedures  involving  the  generation  of  track- 
ing  error  signals  from  the  marginal  vectors.  Implementation  of 
this  algorithm  described  in  section  V of  this  report  was  the 
final  objective  of  the  preliminary  design  effort.  A description 
of  the  design  configuration  selected  to  implement  this  algorithm 
in  the  digital  correlation  tracker  hardware  is  presented  in  the 
following  paragraphs.  This  third  approach  possessed  the  ad- 
vantages of  lesser  circuit  complexity  and  cost  while  yielding 
improved  tracking  accuracy  as  compared  to  the  second  approach.  On 
the  Other  hand,  the  number  of  calculations  required  was  greater. 


i I thus  requiring  higher  speed  logic  elements . 

I 
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The  correlation  tracker  design  has  been  divided  into  three 
areas:  the  Interface  Electronics,  the  Video  Processor,  and  the 

Correlation  Processor.  Each  is  described  separately  in  the  next 
three  paragraphs.  The  interface  electronics  will  ii. uerface  with 
the  two  TV  cameras  and  the  IR  sensor.  Video  gray  levels  from  the 
TV  cameras  are  converted  into  digital  words  on  a cellular  basis. 

IR  sensor  data  are  rearranged  into  a TV  raster  type  format  and 
converted  to  a digital  form.  Video  sync  separators  are  provided 
for  both  horizontal  and  vertical  sync.  Azimuth  and  elevation 
position  stick  levels  from  the  operator  controls  are  rate 
limited  and  excursion  limxted  within  the  sensor  field  of  view. 
Error  signal  outputs  to  the  tracking  servo  system  are  developed 
v/ith  respect  to  these  initial  stick  positions. 

The  video  processor  will  operate  on  the  digital  words  from 
the  interface  electronics.  The  primary  function  of  this  portion 
of  the  tracker  will  be  to  store  the  picture  data  within  a 32-  by 
32-element  array  representing  the  tracking  window.  The  data  are 
stored  in  a format  which  will  permit  access  as  required  for 
processing  by  the  correlation  processor.  Azimuth  and  elevation 
time  modulators  will  position  the  tracking  window  within  the 
sensor  field  of  view  by  selecting  the  data  elements  from  the  total 
picture  array  as  a function  of  digital  numbers  supplied  from  the 
correlation  processor.  Picture  data  from  any  one  of  the  three 
sensors  are  stored  in  a fixed  32-  by  32-matrix  array  of  memory 
cells.  Variation  in  the  size  of  the  tracking  window  within  the 
field  of  view  is  effected  in  fixed  steps.  To  increase  the  range 
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window  from  a 32  by  32  array  of  picture  elements  to  a 64  by  64 
array,  each  group  of  four  contiguous  picture  elements  within  the 
picture  matrix  is  summed  before  storage  in  the  32  by  32  array  of 
memory  cells,  rhe  summing  procedure  can  be  performed  twice  suc- 
cessively to  increase  the  range  window  size  to  effectively  a 128 
by  128  picture  element  array.  In  each  step,  a corresponding  loss 
of  resolution  and  tracking  accuracy  is  incurred. 

The  primary  function  of  the  correlation  processor,  the  third 
portion  of  the  digital  correlation  tracker,  is  to  locate  the 
position  of  the  16-  by  16-element  matrix  of  stored  picture  data 
which  yields  a maximum  correlation  with  the  reference  picture. 

The  reference  picture  for  this  procedure  is  a 16-  by  16-element 
array  of  picture  data  processed  and  stored  from  prior  frames 
which  defines  the  target  position.  This  is  compared  with  each 
16-  by  16-element  area  of  data  within  the  32-  by  32-element 
tracking  window  in  the  search  for  the  correlation  function  maxi- 
mum. The  coordinates  of  the  array  which  yields  the  maximum 
correlation  are  then  processed  to  derive  tracking  servo  error 
voltages  in  azimuth  and  elevation.  The  correlation  processor  also 
derives  updated  reference  pictures  as  required  and  detects  loss 
of  tracking  as  a drop  in  the  maximum  correlation  function 
derivable  from  data  within  the  tracking  window. 

6.2  INTERFACE  ELECTRONICS 

The  correlation  tracker  is  designed  to  accommodate  imagery 
signal  inputs  from  any  one  of  three  sources:  a 525-line  TV,  a 

945-line  TV,  and  an  IR  sensor  (thermal  imager) . Composite  video 
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is  delivered  from  the  two  TV's  and  4 channels  of  video,  and 
sync  signals  are  available  from  the  IR  sensor.  Separate  buffer 
amplifiers  and  clamping  circuits  are  supjplied  from  each  input. 

The  required  sync  signals  for  tracker  operation  with  the 
TVs  are  removed  from  the  composite  video  in  the  sync  strippers. 

This  process  yields  odd/even  line,  frame  begin,  horizontal 
blanking,  vertical  blanking,  and  frame  end  signals.  The  horizontal 
blanking  is  used  for  resetting  the  blanking  level  of  the  composite 
video  to  0 Vdc  at  the  input  to  the  analog-to-digital  (A/D) 
converter. 

The  IR  format  is  very  different  from  that  presented  by  the 
TV  and  this  must  be  rearranged  to  be  compatible  with  the  horizontal 
scan  lines  of  the  TV.  Four  signals  are  supplied  from  the  IR: 
composite  video  with  retrace,  vertical  position,  horizontal 
position,  and  system  clock.  The  composite  video  will  yield  an 
equivalent  horizontal  blanking  signal  to  reset  the  blanking 
level.  The  vertical  position  signal  will  yield  up/down/top  or 
bottom  information.  The  horizontal  position  signal  will  yield 
left/right/left  edge  or  right  edge  information. 

The  sensor  outputs  with  zero  blanking  level  restored  will 
then  be  switched  as  required  into  the  A/D  converter.  One  A/D 
converter  is  used  to  accommodate  the  three  sources.  The  converter 
is  intended  to  be  5 bit,  operates  at  32  MHz,  and  is  of  the 
resistor  ladder-comparator  type. 

Figure  21  is  a photograph  of  a 5-bit  unit  capable  of  operating 
at  300  MHz.  The  5-bit  system  has  been  in  use  for  several  years. 
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Figure  21.  5-Bit  A/D  Converter 

Multiple  drive  points  will  be  necessary  in  the  converter  as  will 
a circular  type  layout  to  equalize  signal  propagation  times. 
Figure  22  shows  the  proposed  layout. 
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At  this  time  it  is  envisioned  that  the  comparators  will  be 
operated  on  a continuous  basis  with  the  TV's.  The  IR  may  require 
a sample  and  hold  technique  and  this  can  be  easily  mechanized  by 
proper  gating  of  the  comparators.  Figure  23  shows  the  proposed 
gating  arrangement  for  the  converter. 

After  the  video  data  from  the  TVs  is  converted  it  is  stored 
in  RAMS  until  the  end  of  the  active  time  when  processing  begins. 
The  data  from  the  IR,  however,  are  delivered  to  the  tracker  in  a 
multiplexed  staggered  form  and  must  be  processed  by  indexing  and 
axis  inversion  before  they  may  be  stored. 

A cursor  control  stick  is  provided  for  each  tracker  which 
will  work  in  conjunction  with  a cell  size  switch.  The  cell  size 
switch  selects  1,  2,  or  4 TV  size  lines  to  represent  the  edge 
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Figure  23.  A/D  Gating 
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dimension  of  a square  data  cell.  The  cursors  will  form  a 16-cell 
by  16-cell  reference  block  with  the  different  trackers  being 
denoted  by  either  horizontal  or  vertical  stripes  delineating  the 
edge  of  the  block.  The  cursors  form  the  reference  matrix  of  a 
32-cell  by  32-cell  active  area.  The  maximum  cursor  rate  will  be 
limited  to  about  4 cells  per  frame  time  by  an  analog  circuit  to 
ensure  that  the  input  from  the  control  stick  does  not  change  too 
rapidly  to  interfere  with  proper  tracker  action.  The  active 
region  of  each  tracker  is  also  limited  to  the  active  screen  area 
of  the  monitor  to  ensure  that  the  tracker  cannot  look  at  blanked 
video. 

The  horizontal  and  vertical  address  of  the  sensor  electron 
beam  is  also  generated  and  used  in  cursor  production  and  in  other 
sections  of  the  tracker. 

Figure  24  shows  a block  diagram  representation  of  these 
circuit  functions. 

6.3  VIDEO  PROCESSOR 
6.3.1  Introduction 

The  principal  function  of  the  video  processor  is  to  take 
the  sensor  video  inf.jrmation  from  either  of  the  television  cameras 
or  the  infrared  sensor  and  create  basic  picture  elements  (pixels) 
in  the  format  that  is  useful  to  the  correlation  tracker.  Basic 
to  this  task  is  the  generation  of  a video  window  from  coordinate 
information  received  from  the  correlation  tracker  cind  creation 
of  a strobe  pulse  for  the  video  analog  to  digital  converter. 

Also  needed  are  the  creation  of  pixels  from  the  digitized  video  in 
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which  a pixel  consists  of  the  sum  of  video  elements  taken  as  a 
1x1,  2x2,  or  4x4  array,  storage  of  these  pixels,  and  a means 
of  permitting  access  to  the  correlation  tracker  of  the  stored 
pixels . 

In  order  to  satisfy  the  requirements  of  the  present  program, 
a preliminary  design  effort  for  a video  processor  was  undertaken 
in  which  the  functional  organization  and  definition  of  the 
constituent  functions  would  be  determined.  This  is  the  result 
of  the  preliminary  design  and  consists  of  a general  block  diagram, 
a detailed  block  diagram,  an  explanation  of  each,  and  an 
estimate  of  the  circuit  requirements  assuming  the  use  of  TTL 
integrated  circuit  logic. 

6.3.2  Explanation  of  Processing 
6 . 3 . 2 . 1 Summary 

Figure  25  contains  a general  block  diagram  that  is  applicable 
to  the  video  processing  task  for  all  of  the  required  sensors.  A 
brief  explanation  is  given  here  so  that  the  detailed  explanations 
that  follow  can  be  built  around  this  framework. 

Referring  to  figure  25,  the  digitized  video  input  goes  to  the 
pixel  generator  which,  depending  on  the  mode  control  instruction 
creates  pixels  consisting  of  1,  4,  or  16  of  the  digital  video 
elements  which  have  been  summed  and  rounded  off  to  the  original 
data  length.  An  ancillary  feature  required  for  some  of  the 
functions  performed  by  the  pixel  generator  is  the  scratch  pad 
memory.  Proper  sequencing  of  the  operations  of  the  pixel 
generator  is  done  by  the  process  sequencer  which  is  responsive  to 
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inputs  from  the  mode  control  and  video  window  generator  functions 
A strobe  for  proper  interrogation  of  the  video  analog  to  digital 
converter  is  also  produced  by  the  process  sequencer.  Inputs 
from  the  system  clock,  the  location  and  size  of  the  video  window, 
and  the  sensor  sync  signals  are  used  by  the  video  window 
generator  to  establish  when  the  video  should  be  processed. 
Finally,  the  pixels  that  were  created  must  be  stored  in  a memory 
that  must  be  both  properly  addressed  for  storage  and  allow  access 
to  its  contents  for  the  correlation  tracker. 

6. 3.2.2  Television  Requirements 

When  a television  camera  is  used  as  the  sensor,  the  primary 
problem  for  the  video  processor  is  the  creation  of  the  pixels. 

For  this  reason,  a rather  involved  pixel  generator  and  process 
sequencer  were  designed.  As  mentioned  previously,  a pixel  will 
consist  of  either  1x1,  2x2,  or  4x4  video  elements  summed 
and  rounded  off.  This  flexibility  permits  variation  in  the 
effective  tracking  window  size  while  maintaining  a fixed  32- 
by  32-element  storage  matrix  array.  Performing  the  sum  as  the 
video  is  received  (corresponding  to  the  horizontal  sweep)  is  easy 
but  performing  the  sums  in  the  vertical  direction  requires  a 
scratch  pad  memory  because  the  summed  data  is  not  temporally 
contiguous.  Pixel  storage,  on  the  other  hand,  is  relatively 
simple  as  the  address  generation  is  straight-forward  and  there 
is  adequate  time  for  the  pixel  storage  cycle. 

Two  television  formats,  525  and  945  lines  at  30  frames  per 
second  and  2:1  interlace,  must  be  accommodated  by  the  tracker. 
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Most  of  the  impact  of  this  dual  format  requirement  with  regard 


to  the  video  processor  is  in  the  video  window  generator  and  the 


clock  rate.  Because  the  impact  is  so  slight,  the  detailed 


block  diagram  explanation  will  not  distinguish  between  the  two 


formats  except  where  absolutely  necessary. 


Figure  26  is  the  detailed  block  diagram  of  the  video 


processor.  It  is  basically  divided  into  three  zones,  upper  left 


which  contains  primarily  television  peculiar  functions,  lower 


left  which  contains  infrared  peculiar  functions,  and  right  which 


contains  common  functions  pertaining  to  pixel  storage. 


The  video  processor  is  most  easily  understood  by  examining 


the  pixel  generation  process  and  deriving  all  necessary  functions 


and  timing  pulses  as  needed.  A pixel  consists  of  the  sum  of 


either  alxl,  2x2,  or  4x4  array  of  video  elements.  This  is 


shown  pictorially  for  the  4x4  case  in  figure  27a  and  2x2  case 


in  figure  27b.  The  1x1  case  is  considered  trivial.  In  the 


extreme  upper  left  of  figure  26  is  the  pixel  generating  function 
which  is  essentially  a 4 x 4 pixel  generator  and  which,  by 


disabling  part  of  it,  becomes  a 2 x 2 processor, 


For  a 4 X 4 pixel,  a digitized  video  word  (la)  is  entered 


and  is  held  by  DATA  LATCH  1.  When  the  second  video  word  (lb) 


enters,  it  is  summed  with  the  contents  of  DATA  LATCH  1 in  El  and 


this  is  preserved  in  DATA  LATCH  2.  The  third  video  word  (Ic)  is 


held  by  DATA  LATCH  3 and  when  the  fourth  video  word  (Id)  enters, 


it  is  summed  with  the  contents  of  DATA  LATCH  3 in  E2  which  are 


summed  with  the  contents  of  DATA  LATCH  2 in  E3.  The  sum  is  held 
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in  DATA  LATCH  4.  For  the  present,  assume  that  DATA  LATCH  5 is 
empty  and  the  output  of  Z4  is  the  same  as  its  input.  This  is 
written  in  the  first  site  of  the  scratch  pad  memory  and  processing 
begins  on  the  next  video  word  (2a  etc.). 

Referring  to  figure  27a,  it  is  easily  seen  that  the  pixel  is 
not  complete  but  reciuires  the  sum  of  elements  le  through  Ip. 

After  the  initial  horizontal  trace  has  been  made  and  the  retrace 
has  occurred,  video  word  le  enters  and  the  process  initially  de- 
scribed is  repeated.  There  is  one  change  this  time  though  and 
that  is  when  DATA  LATCH  4 is  strobed,  the  contents  of  the  first 
site  in  the  scratch  pad  memory  are  also  moved  into  DATA  LATCH  5. 

These  are  summed  in  Z4  and  the  resulting  sum,  la  + lb  + ...  + Ig 

+ Ih,  is  then  entered  in  the  first  site  of  the  scratch  pad. 

The  third  trace  is  similar  to  the  second  and  culminates  with 
the  sum  of  elements  la  through  IJI  being  entered  in  the  scratch 
pad. 

The  fourth  and  final  trace  used  in  this  pixel  is  similar  to 
traces  2 and  3 except  the  output  of  E4  is  la  + lb  + . . . + lo  + Ip 
and,  instead  of  being  entered  in  the  scratch  pad,  passes  through 
MPX  1 which  lines  it  up  properly  for  the  RND  OFF  which  rounds  the 
9-bit  running  sum  to  the  original  data  length  of  5 bits  and  passes 

it  on  through  MPX  2 from  which  it  is  finally  entered  in  the  first 

site  of  the  PIXEL  MEMORY. 

A timing  diagram  in  relative  units  of  time  is  shown  in  fig- 
ure 28a  in  which  (|ii  goes  to  DATA  LATCH  (i)  except  nothing  goes  to 
DATA  LATCH  5 on  trace  1. 
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To  generate  pixels  for  2x2  video  word  arrays  as  shown  in 
figure  27b,  the  timing  diagram  is  changed  to  the  one  in  figure  28b 
in  which  ijl  and  02  are  zero.  This  results  in  the  ultimate  output 
of  4 being  la  + lb  +lc  + Id,  a 7-bit  word  which  needs  to  be  re- 
aligned to  the  RND  OFF  function  J>y  MPX  1.  The  result  then  passes 
through  MPX  2 and  is  entered  in  the  Pixel  Memory. 

For  the  1x1  case,  the  video  v/ords  pass  directly  through 
MPX  2 and  are  entered  in  the  Pixel  Memory. 

At  this  point,  pixel  generation  has  been  explained  and  the 
required  sequencing  waveforms  determined.  It  is  now  necessary  to 
create  the  video  window,  sequencing  waveforms,  and  memory  address- 


The  video  window  is  generated  in  two  parts,  one  for  the  x 
or  horizontal  direction  and  one  for  the  y or  vertical  direction. 
Beginning  with  the  gate  for  the  y-direction,  a position  word  is 
received  from  the  Correlation  Processor  giving  the  beginning 
coordinate  of  the  y-window.  A counter  which  was  set  to  zero  by 
the  y-sync  pulse  counts  the  number  of  x-sync  pulses,  and  when 
this  number  equals  or  exceeds  the  position  word,  a permissive  or 
enable  condition  is  established.  A similar  action  is  performed 
in  the  x-direction  except  the  counter  is  reset  on  x-sync  pulses 
and  counts  pulses  from  a 32-MHz  system  clock.  Wlien  the  x-counter 
reaches  or  exceeds  the  x-position  word,  an  enable  condition  is 
also  established.  The  simultaneous  existence  of  both  permissive 
conditions  allows  the  process  sequencing  and  address  generating 
circuits  to  operate  thus  opening  the  video  tracking  window.  A y- 


permissive  condition  is  created  once  per  field  whereas  an  x-per- 
missive  condition  is  created  on  every  horizontal  line. 

Once  the  video  window  is  open,  the  y-address  counter  using 
the  mode  input  establishes  the  y-address  of  the  pixel  memory  by 
counting  the  x-sync  pulses.  For  example,* in  the  1x1  mode,  each 
x-sync  pulse  advances  the  x-address  by  1 count.  In  the  2x2  mode 
it  takes  2 x-sync  pulses  to  increment  the  y-address,  and  in  the 
4x4  mode,  4 x-sync  pulses  are  required. 

A similar  action  occurs  in  the  x-address  counter  except  the 
incrementing  function  is  a submultiple  of  the  32-MHz  system 
clock.  In  addition  to  being  used  to  address  the  pixel  memory, 
the  x-address  is  used  in  the  scratch  pad. 

Finally  the  sequencing  waveforms  must  be  generated.  This  is 
done  most  easily  by  using  a set  of  tapped  shift  register  delay 
lines  to  provide  the  1x1,  2x2,  and  4x4  modes,  and  the 
appropriate  waveforms  are  selected  via  a set  of  parallel  multiplex 
ers  for  the  desired  mode. 

The  remaining  two  functions  to  be  discussed  for  the  tele- 
vision sensor  video  processing  are  the  scratch  pad  and  pixel  mem- 
ories, The  former  consists  of  a set  of  six  4 x 16  random  access 
memories  (RAMs)  that  form  a 12-  x 32-bit  memory  that  is  used  as 
a 9 X 32  memory  for  all  of  the  intermediate  numerical  processing 
during  pixel  generation.  The  latter  is  an  array  of  five  1024  x 1 
RAMs  that  form  the  5 x 32  x 32  pixel  memory.  Multiple  access  is 
provided  by  a set  of  parallel  multiplexers  that  allow  addressing 
by  either  the  television  mode  address  generator,  the  infrared 
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mode  address  generator,  or  the  correlation  tracker  after  the 


pixel  generation  is  complete. 


6 . 3 . 2 . 3 Infrared  Requirements 


The  problem  of  creating  pixels  from  infrared  sensor  video 


has  4 major  areas  of  concern.  These  are  performing  signal  averag- 
ing in  the  horizontal  sweep  direction,  removing  the  effect  of  the 


staggered  detector,  array  on  the  video,  accommodating  the  bidirec- 


tional horizontal  sweep,  and  providing  a variable  tracking  gate 
without  altering  the  signal  averaging.  The  following  paragraphs 


contain  the  recommended  solution  of  these  problems  as  well  as  a 


description  of  the  remainder  of  the  detailed  block  diagram. 


Figure  29  shows  the  detector  configuration  with  the  stagger 


between  elements.  For  convenience,  the  elements  have  been  num- 


bered in  the  order  of  sampling.  It  can  now  be  seen  that  a typical 


video  output  would  appear  like  1,  2,  3,  ....  The  sample  rate  is 


such  that  each  detector  element  will  be  sampled  4 times  as  it  is 


swept  one  detector  width  horizontally  and  consequently  the 


jlement- to- element  spacing  in  the  horizontal  direction  is  8 sam- 


ples. In  addition,  due  to  the  mechanical  nature  of  the  scanning 


system,  scans  occur  in  both  left—to— right  and  right— to— left  direc- 


tions causing  a change  of  sense  in  the  effect  of  the  detector 


staggering.  Finally,  the  horizontal  positioning  signal,  a tri- 


angular wave  that  has  been  passed  through  a filter,  has  a delay 


with  respect  to  the  true  horizontal  position.  A numerical  value 


must  be  placed  on  this  delay  and  it  is  to  be  added  or  subtracted 


from  the  generated  horizontal  address  depending  upon  the  sweep  sense. 


f 
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Figure  29.  Sensor  Configuration 
The  first  problem  area  to  be  solved  is  the  averaging  of  four 
successive  signals  from  each  detector  element.  This  is  done  by 
the  functions  shown  in  the  extreme  upper  left  of  figure  26  in  a 
similar  manner  to  the  signal  processing  in  the  2 x 2 mode  when 
using  the  television  sensor.  There  are  several  differences  however, 
First,  all  of  the  required  sequencing  signals  come  from  the  lower 
left  portion  of  the  detailed  block  diagram.  Second,  the  sequence 
of  events  is  to  store  all  of  the  first  data  set  in  the  scratch  pad. 
When  the  second  set  of  data  is  received,  the  stored  value  is  re- 
called, summed  with  the  new  value,  and  the  sum  is  then  stored  in 
the  scratch  pad.  This  cycle  continues  until  the  final  sum 
representing  the  sum  of  4 bits  from  each  detector  has  been  made. 
This  passes  through  MPX  1 and  is  rounded  off  from  7 to  5 bits, 
passes  through  MPX  2 and  is  stored  in  the  pixel  memory. 


The  solution  of  the  problem  of  destaggering  the  video,  cor- 
recting for  the  horizontal  sweep  sense  and  accommodating  differ- 
ent fields  of  view  (four)  depends  upon  proper  addressing  of  the 
pixel  memory.  Referring  to  the  lower  left  of  the  detailed  block 
diagram,  it  can  be  seen  that  the  azimuth  microsyn  demodulated 
signal  is  used  to  determine  the  horizontal  sweep  direction  and  the 
horizontal  position  after  being  digitized  in  the  HORIZ  A/D  CONV. 
This  position  is  referenced  to  the  horizontal  zero  position  by 
subtracting  the  tracker  horizontal  position  in  the  ALU  (arithmetic 
logic  unit).  Following  this,  the  differential  delay  resulting 
from  filtering  the  horizontal  position  signal  is  added  or  sub- 
tracted, depending  upon  the  sweep  sense.  Finally,  a numerical 
value  is  added  or  subtracted  in  the  last  ALU  to  destagger  the 
video. 

This  numerical  value  is  a preselected  value  and  the  sense 
(+  or  -)  is  determined  by  whether  the  incoming  video  word  is  from 
an  odd  or  even  numbered  detector  (see  figure  29).  To  do  this, 

the  MPX  CK  from  the  sensor  is  counted  with  reference  to  the  VERT 

\ 

SYNC. 

Next,  the  vertical  address  is  generated.  Because  this  address 
requires  no  corrections,  a simple  counter  that  can  be  preset  with 
the  complement  of  the  vertical  zero  position  can  be  used.  The 
formation  of  horizontal  and  vertical  addresses  initiates  a READ 
PULSE  to  the  video  A/D  CONV  and  the  proper  sequence  of  pulses  for 
pixel  generation. 
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Remaining  is  the  implementation  of  a means  for  varying  the 
tracking  window  size  when  tracking  data  from  the  infrared  sensor. 
This  problem  differs  from  that  encountered  with  the  TV  data.  For 
operation  with  the  TV  data,  the  tracking  window  was  increased  in 
effective  extent  from  its  normal  32—  by  32-picture  elements  by 
summing  contiguous  picture  elements.  The  result  was  to  create  a 
tracking  window  of  effectively  64  by  64  or  128  by  128  picture 
elements.  Of  course  this  was  accomplished  at  a sacrifice  in 
resolution  since  the  data  were  still  stored  i.n  a memory  array  of 
32  by  32  cells.  During  operation  with  the  infrared  data,  expan- 
sion of  the  window  is  unnecessary  since  the  32  by  32  array  includes 
almost  all  of  the  data  from  the  40  infrared  detector  elements.  In 
this  case,  the  variation  of  the  effective  tracking  window  size 
must  be  to  decrease  the  window  extent  to  an  effective  array  of 
16  by  16  or  8 by  8 picture  elements.  This  is  accomplished  using 
the  basic  pixel  memory  by  modifying  the  address  to  the  pixel  mem- 
ory. The  32-  by  32— element  case  is  simple  because  each  memory 
position  has  a unique  address.  In  the  16  x 16  case,  only  memory 
positions  with  a zero  least  significant  bit  (LSB)  in  both  x and 
y are  filled.  Similarly,  when  the  tracker  addresses  the  pixel 
memory  the  LSB  is  assigned  to  be  zero  and  hence  4 unique  addresses 
map  into  each  filled  memory  position.  A similar  approach  is  em- 
ployed in  the  8x8  case  except  that  2 LSB's  in  each  address  com- 
ponent are  assigned  to  be  zero  and  16  unique  addresses  map  into 
each  filled  memory  position.  Accordingly,  although  the  correlation 
processor  always  processes  a 32-  by  32-element  array  of  data,  the 
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effective  size  of  the  tracking  window  is  decreased  by  filling 
either  4-  or  16-element  groups  of  cells  in  the  32-  by  32-element 
array  with  identical  picture  data. 

6.3,3  Design 

The  video  processor  when  implemented  with  currently  available 
TTL  functions  and  i.ncluding  a DIP  32  MHz  XTAL  oscillator  and 
small  8-bit  A/D  will  take  80  chips.  It  is  estimated  that  another 
4 chips  will  be  required  to  alleviate  output  loading  problems  in 
some  of  the  memory  address  circuits.  This  quantity  of  chips  will 
occupy  two  circuit  cards. 

6.4  CORRELATION  PROCESSOR 
6.4.1  General  Description 

The  operations  performed  in  the  Correlation  Processor  are 
shown  in  the  flowchart  of  figure  30.  The  operator  positions  the 
center  of  the  picture  matrix,  defined  by  cursors,  on  the  target. 
This  causes  entry  into  the  loop  of  figure  30.  The  loop  index  I 
is  initialized  at  0.  A picture  matrix  is  formed,  representing 
the  target  with  an  array  of  32  by  32  cells.  The  loop  index  is 
incremented  by  1.  The  partial  row  sums  and  the  partial  column  sums 
are  formed  from  the  contents  of  the  picture  matrix.  A decision 
box  will  cause  a reference  to  be  calculated  from  the  16  by  16 
matrix  outlined  by  the  cursors  at  the  initiation  of  track.  The 
loop  index  is  again  initialized  to  0 and  another  picture  matrix 
is  formed  on  the  next  picture  field. 

During  the  second  pass  through  the  loop  the  NO  path  is 
followed  from  the  Start  decision  box.  A correlation  calculation 
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Figure  30.  Correlation  Processing  Flowchart 
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is  made  for  the  central  256  of  the  289  positions  of  the  16  by  16 
reference  matrix  within  the  32  by  32  picture  matrix.  The  posi- 
tion of  best  correlation  will  have  the  minimum  value  of  the 
correlation  matrix.  If  the  absolute  difference  between  the  new 
minimum  and  the  minimum  from  the  prior  field  exceeds  a constant 
K,  loop  exit  will  occur.  This  exit  can  be  used  to  cause  a frame 
of  picture  data  to  be  skipped  and,  upon  repeated  occurrence,  to 
trigger  a break- lock  sequence.  If  the  above  is  not  true,  the 
coordinates  of  the  minimum  are  used  to  find  the  tracking  error  to 
the  nearest  integer  cell.  This  error  establishes  the  target  pic- 
ture matrix  position  in  the  next  field.  An  incremental  tracking 
error  is  then  calculated  and  is  summed  with  the  whole  cell  error 
to  update  the  error  signal  supplied  to  the  tracking  servo.  A 
decision  box  will  allow  a new  reference  every  4 field  periods. 

The  loop  index  is  then  initialized  to  0 and  the  above  procedures 
repeated. 

The  following  paragraphs  of  this  section  describe  the 
processing  depicted  in  the  flowchart  subsequent  to  the  forming 
of  the  picture  matrix. 

6.4.2  Partial  Row  Sums 

The  processing  required  for  obtaining  the  partial  row  sums 
is  described  with  the  aid  of  a flowchart  in  figure  31.  The 
picture  matrix  P (I,  J)  is  organized  as  a 32  by  32  array  with 
indices  I and  J running  from  0 to  31.  In  correlation  with  a 16 
by  16  reference  matrix,  the  sum  of  all  16  element  rows  is 
needed.  Adjacent  row  sums  may  be  found  by  subtracting  the 


left-most  element  and  adding  the  next  element  to  the  right.  The 
16  elements  need  be  added  but  once  for  each  of  32  rows  in  the  P 
matrix.  This  algorithm  allows  rapid  processing.  It  is  reflected 
in  the  flowchart  of  figure  31. 

In  figure  31,  indices  J and  K are  initialized  at  0 and  1, 
respectively.  The  index  I and  SUM  (k)  are  both  initialized  at  0. 
The  next  operation  is  SUM  (1)  - 0 + P (0,  0).  Index  I is  incre- 
mented by  1 and  the  next  operation  is  SUM  (1)  *-  SUM  (1)  + P (1,  0)  . 
This  process  continues  until  all  16  elements  have  been  summed. 

At  this  stage,  I = 16.  Next,  I is  reset  to  0,  and  index  K is  in- 
cremented by  1.  The  following  operation  is  SUM  (2)  = SUM  (1)  - 
P (0,  0)  + P (16,  0).  The  value  of  SUM  (2)  is  obtained  from  SUM 
(1)  by  a subtraction  and  an  addition.  Indices  I and  K are  incre- 
mented by  1 and  the  process  repeats  until  I = 16.  This  completes 
the  production  of  the  partial  sums  in  the  first  row  of  the  P ma- 
trix. Index  J is  incremented  by  1,  a test  is  made  to  see  if  j = 

32,  and  the  process  repeats  as  shown.  The  partial  sums  in  the 
second  row  of  the  P matrix  are  computed.  The  iterations  will  cease 
when  the  partial  sums  in  all  32  rows  of  the  P matrix  are  calculated 
which  is  indicated  by  J = 32. 

The  operations  described  by  the  flowchart  of  figure  31  are 
readily  implemented  with  logic  chips.  Figure  32  shows  a proposed 
scheme.  The  numbers  in  the  lower  right  hand  corner  of  some  of 
the  blocks  refer  to  the  number  of  binary  bits  required.  The  num- 
ber of  bits  in  the  hardware  chosen  will  usually  exceed  that  num- 
ber because  many  chips  are  available  only  in  4 bits.  The  32  by 
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Figure  32.  Implementing  Partial  Row  Sums 
32  P— matrix  was  selected  to  have  dimensions  conforming  to  natural 
binary  numbers.  Two  binary  5-bit  counters,  CTI  and  CTJ,  may  be 
used  with  the  output  of  CTI  connected  to  the  input  of  CTJ  as 
shown  in  figure  32.  A clock  will  operate  CTI  producing  the  se- 
quence of  I and  J states  depicted  in  figure  31.  The  counter 
states  of  CTI  and  CTJ  will  access  the  P-matrix  RAM  and  PART  SUM 
matrix  RAM.  An  exclusive  or  (EXCL  OR)  gate  will  invert  the  most 
significant  bit  (MSB)  of  CT  I when  required  by  the  program  con- 
tained with  the  MICRO  PROG  box.  The  ARITH  REG  will  add  or  sub- 
numbers as  directed  by  the  MICRO  PROG  box. 

CTI  and  CTJ  are  initially  preset  to  0.  The  MSB  or  binary  16 
in  CTI  will  indicate  the  subprogram  used.  When  the  MSB  is  ZERO, 
tor  16  clock  periods,  the  contents  of  the  addressed  cells  in  the 
p-matrix  will  be  added  and  accumulated.  When  the  MSB  becomes  a 
ONE,  the  prior  partial  sum  is  stored  in  the  cell  addressed  in  the 
PART  SUM  matrix  by  CTJ  and  CTI  minus  16.  CTI  minus  16  is  obtained 
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by  inverting  the  MSB  of  CTI  in  the  EXCL  OR  circuit.  The  above 
address  is  also  used  to  fetch  a number  from  the  P-matrix  RAM 
which  is  subtracted  from  the  prior  partial  sum.  CTI  and  CTJ  will 
fetch  a number  from  the  P-matrix  to  add  to  the  previous  differ- 
ence. This  value  is  the  next  partial  sum.  The  process  continues 
until  CTI  overflows  and  returns  to  a state  of  all  zeroes  at  which 
time  CTJ  is  incremented  and  the  cycle  repeats.  The  process 
iterates  until  CTJ  overflows  and  sets  the  flip-flop  F-F,  signal- 
ing the  microprogram  to  stop. 

The  operations  for  obtaining  the  partial  column  sums  are  the 
same  as  those  explained  except  that  counters  CTI  and  CTJ  are 
interchanged  in  fetching  data  from  the  P-matrix. 

The  following  estimate  of  the  required  hardware  to  implement 
these  functions  cites  generic  names.  Counters  CTI  and  CTJ  may 
each  be  built  from  a 9316,  4-bit  counter,  and  a single  flip-flip 
such  as  1/2  of  a type  9020.  The  EXCL  OR  circuit  will  be  a 7486. 

The  P-matrix  is  mentioned  elsewhere  in  this  report  and  will  be  5 
type  93415  RAMs.  The  PART  SUM  matrix  will  be  9 type  93415  RAMs. 

The  ARITH  REG  will  be  3 type  9340  ALUs.  The  MICRO  PROG  will  con- 
sist of  some  PROMs  such  as  Intersil  IM5600C,  a 9316  counter, 

9020  J-K  flip-flops,  and  7400  2-input  NAND  gates. 

6.4.3  Correlation  Calculation 

The  512  partial  sums  of  rows  and  512  partial  sums  of  columns 
are  stored  in  adjacent  memory  cellp  as  they  are  calculated.  The 
next  operation  is  fetching  the  correct  sums  from  memory  to  sub- 
tract from  the  reference  vector  sums  as  required  in  the  correlation 
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algorithm.  There  are  256  positions  of  the  reference  matrix  with- 
in the  32  by  32  P-matrix  for  which  correlations  are  performed. 

The  correlation  process  involves  subtracting  the  partial 
sums  of  rows  and  columns  in  each  picture  16  by  16  submatrix  from 
the  corresponding  values  for  the  reference.  The  absolute  values 
are  found  for  these  32  numbers  and  they  are  totaled  to  produce 
a value  of  the  simplest  correlation  matrix.  The  process  of 
correlation  devised  performs  the  subtracting  of  the  rows  from 
the  row  reference  in  parallel  with  the  subtracting  of  the  columns 
from  the  column  reference  and  combines  the  results.  This  reduces 
the  time  required  to  complete  the  correlation  matrix  by  about  a 
factor  of  2 as  compared  with  sequential  operations  on  row  and 
column  partial  sums. 

Table  XIII  lists  the  relative  memory  cell  locations  of  the 
row  partial  sums  and  the  column  partial  sums  needed  for  correla- 
tions 1,  2,  16,  and  17  out  of  total  of  256. 


Table  XIII  - Memory  Addresses  Used  in  Correlation 


Corre- 

lation 

Number 


Partial  Row  Sum 


Partial  Column  Sum 


(0,0)  , (0,1)  , (0,2)  (0,15)  (0,0)  , (0,1)  , (0,2)  ,-- (0,15) 


(1,0) , (1,1) , (1,2)  , ( 1 , 15) 


(0,1)  , (0,2)  , (0,3)  ,—  (0,16) 


(15,0)  , (15,1)  , (15,2)  ,—  (15,15)  (0,15)  , (0,16)  , (0,17)  ,—  (0,31) 


(0,1),  (0,2)  , (0,3)  , — (0.16) 


(1,0)  , (1,1)  , (1,2)  ,—  (1,15) 


These  are  sufficient  in  number  to  indicate  a pattern  that  can  be 
generated  by  a cascaded  group  of  binary  counters.  Figure  33  shows 
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how  3 binary  counters  CTK,  CTL,  and  CTM  are  connected  to  fetch 
the  partial  row  and  column  sums  from  memory.  Each  counter  is  a 
4-bit  up  counter.  CTL  in  conjunction  with  CTK  + CTM  will  address 
the  PART  ROW  SUM  memory  bank.  CTM  and  CTK  + CIL  will  address  the 
PART  COLUMN  SUM  memory  bank.  CTK  also  addresses  the  16  by  1 REF 
ROW  and  REF  COLUMN  memory  banks.  The  PART  ROW  SUM  and  PART  COLUMN 
SUM  blocks  are  dotted  to  indicate  they  were  shown  previously  in 
figure  32.  The  reference  row  vector  is  subtracted  from  partial 
row  sums  during  the  correlation  process.  The  reference  column 
vector  is  subtracted  from  the  partial  colvimn  sums  during  the  same 
interval  using  the  scheme  in  figure  33.  The  absolute  values  of 
the  above  differences  are  summed  and  acciamulated  in  the  ACC  block. 
At  the  completion  of  each  of  the  256  correlations,  a test  is  made 
to  determine  if  the  correlation  number  is  less  than  the  prior 
minimum.  The  comparator  COMP  is  used  for  this  test  with  the 
prior  minimum  input  from  storage  register  SR5.  The  minimum  corre- 
lation number  is  retained  in  temporary  storage  in  SR5.  The  con- 
tents of  SR3  are  the  original  states  of  CTL  and  CTM  used  in  fetch- 


ing partial  row  and  column  sums  for  the  correlation.  These  con- 
tents are  dumped  into  SR4  if  the  above  test  indicates  that  the 


last  correlation  number  is  a new  minimum.  The  states  of  CTL  and 


CTM  are  needed  as  a pointer  for  fetching  partial  sums  in  the  in- 
cremental search  algorithm  and  for  obtaining  a new  reference  every 
4 fields. 

An  estimate  of  the  hardware  for  this  vt-  • is  as  follows. 
Counters  CTK,  CTL,  and  CTM  will  each  be  4-bit  up-down  counters, 


type  74193,  with  provision  for  direct  presetting.  The  two  sum- 
ming circuits  designated  by  II  and  I2  will  each  be  2,  type  7483, 
full  adders.  The  PART  ROW  SUM  and  PART  COLUMN  SUM  memory  banks 
were  mentioned  previously  and  will  each  consist  of  9,  type  93415, 
RAMS.  The  REF  ROW  and  REF  COLUMN  memory  banks  will  each  consist 
i of  3,  type  7489,  RAMs.  The  SUBT  ABS  COL  and  SUB  ABS  ROW  blocks 
will  each  comprise  3,  type  9340,  ALUs  and  6,  type  9322,  multi- 
plexers. The  2 storage  registers  SRI  and  SR2  that  follow  are 
each  2,  type  74174,  hex  D flip-flops.  The  two  summing  devices 
13  and  I 4 are  each  3,  type  7483,  full  adders.  The  accumulators 
designated  ACC  will  be  3,  type  74174,  units.  The  comparator  COMP 
is  3,  type  9324,  chips.  SR5  will  consist  of  3,  type  74174,  chips. 
SR3  and  SR4  are  each  2 chips  of  the  74174  variety.  The  CONTROL 
SEQ  CIRCUIT  will  contain  several  Intersil  IM5600C  PROMs,  a 9316 
counter,  several  9020  chips,  and  2 type  7400  NAND  gates. 

6.4.4  Incremental  Error 

The  algorithm  to  derive  the  incremental  error  allows 
finding  the  tracking  error  to  a quantum  of  1/8  of  a cell.  The 
first  step  in  the  process  is  the  calculation  of  an  xu(i)  vector 
from  the  equation; 

xu(i)  = rx(i)  + rx(i  + 1)  - 2 x*(i  +1),  i = 1,...,15 
where  rx(i)  is  the  reference  vector  and  x*  (i  + 1)  is  the  vector 
comprising  partial  sums  that  were  used  in  finding  the  minimum 
correlation  number.  Figure  34  illustrates  the  mechanization  for 
finding  xu(i) . The  blocks  designated  TX  and  x*  are  dotted  to  show 
they  were  shown  previously  in  figure  33.  rx  is  contained  in  REF 
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Figure  34.  Computation  of  Xu  Vector 
ROW  or  REF  COLUMN  blocks  in  figure  33.  X*  is  fetched  from  either 
the  PART  ROW  SUM  or  PART  COLUMN  SUM  memory  banks  in  figure  33. 

The  control  sequential  circuit  contains  binary  counters 
that  provide  access  to  rx(i)  and  x*(i)  components  in  memory  banks. 
A unit  delay  circuit,  A,  provides  an  output  rx(i)  that  is  summed 
its  input  rx  (i  t 1)  in  an  adding  circuit  designated  by  the 
Z symbol.  This  connects  to  the  positive  input  of  a subtracting 
circuit  which  has  a minus  input  from  2x*(i  + 1)  retrieved  from 
memory.  The  quantity  8xu  is  stored  in  a memory  bank. 

The  rx  and  x*  symbols  are  shown  within  memory  blocks  pre- 
viously described.  The  unit  delay  element  A will  be  2,  type  74174 
hex  D flip-flops.  The  add  symbol  I will  be  implemented  with  3, 
type  7483,  full  adders.  The  subtracting  circuit  called  SUBTR  will 
be  built  with  3 ALU  type  9340  chips.  The  block  designated  8xu 
will  be  4 of  type  7489  RAMS.  The  CONTROL  SEQ  CIRCUIT  will  consist 
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of  several  Intersil  IM5600C  type  PROMs,  a 9316  counter,  some  9020 
J-K  flip-flops,  and  2,  type  7400,  NAND  gates. 


The  second  step  is  finding  the  xv  vector; 

XV  (i)  = 2 (x*  (i)  - x*(i  +1)),  i = 1,...,15 
The  proposed  implementation  for  finding  xv(i)  is  depicted 
in  figure  35  where  the  block  x*  refers  to  a portion  of  the  mem- 
ory cells  in  either  the  PART  ROW  SUM  or  PART  COLUMN  SUM  of  figure 
33. 

The  control  sequential  circuit  consists  of  binary  counters 
that  recall  x*(i)  from  memory.  A unit  delay  bank  of  flip-flops, 
A,  provides  a delayed  output.  A subtracting  circuit  develops  the 
required  difference  which  is  multiplied  by  2 by  displacing  each 
bit  one  position.  The  output  vector  xu  is  entered  into  a mem- 
ory bank  designated  xv  for  use  in  the  last  step  in  the  process. 
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Figure  35.  Computation  of  Xv  Vector 
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The  implementation  may  be  estimated  for  this  processor.  The 
unit  delay  element,  A,  will  be  2,  type  74174,  hex  L>  flip-flops. 
The  subtracting  circuit  SUBTR  will  be  3 ALU  9340  units.  The 
multiply  by  2 function  is  obtained  by  displacing  outputs  of  the 
SUBT  unit  by  1 bit.  The  CONTROL  SEQ  CIRCUIT  will  contain  2,  type 
IM5600C,  PROMs,  1 counter,  type  9316,  serial  flip-flops  of  the 


i 


d(k)  = 

k = 
Si  ,o  = 
Si,k  = 


9020  variety,  and  2,  type  7400,  NAND  gates. 

The  final  step  in  the  process  involves  the  equation  below: 

15 

i I 

Sik| 

i '=  1 

'0 , ...  8 

8xu(i) 

Si,k-1  - xv(i)  for  k 1,...8 
The  k associated  with  the  minimum  value  of  d(k)  will  define  the 
incremental  error.  The  means  of  implementing  these  equations  are 
shown  in  figure  36.  The  memory  blocks  8xu  and  xv  were  shown  in 
figure  34  and  figure  35,  respectively.  The  values  of  Si,o  = 
8xu(i)  have  been  entered  into  memory  from  a previous  calculation. 
To  find  d(o)  the  control  sequential  circuit  vill  inhibit  the  xv 
input  to  the  subtract  unit  with  a logic  input  to  an  exclusive  OR 
circuit.  The  accumulator  will  total  the  15  components  of  the 
8xu(i)  vector. 

The  next  computation  involves  finding  d(l)  = 


15 

L 

i = 1 


Si,  o - XV  (i)  j 
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Figure  36.  Computation  of  d(k) 

The  values  of  Si,o  and  xv{i)  are  accessed  from  memory  with  the 
CONTROL  SEQ  CIRCUIT.  The  difference  is  entered  back  into  the 
memory  bank  previously  holding  Si^o  for  use  in  finding  d(2).  The 
absolute  value  of  the  difference  is  accumulated.  The  value  of 
d(l)  in  the  accumulator  ACC  is  compared  with  d(0)  contained  in 
SR2  using  comparator  COMP.  The  minimum  value  of  d(k)  is  retained 
in  SR2  and  the  corresponding  value  of  k is  entered  into  memory 
SR3. 

An  estimate  of  the  required  chips  for  this  unit  is  as 


follows.  The  dotted  memory  blocks  designated  8xu  and  xv  were 
discussed  earlier.  The  SUBTR  ABS  circuit  will  consist  of  4 ALU 
9340  units.  SRl  will  be  3,  type  74174,  hex  D flip-flops.  The 
summing  circuit  E is  constructed  of  5,  type  7483,  full  adders. 
The  accumulator  ACC  will  be  3,  type  74174,  units.  The  storage 
register  SR2  will  also  be  3,  type  74174,  chips.  The  comparator 
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will  consist  of  5,  type  9324,  chips.  SR3  will  be  1,  type  74174, 
unit.  The  exclusive  OR  circuit,  EXCL  OR,  will  be  4 chips  of  the 
7486  variety.  The  CONTROL  SEQ  CIRCUIT  block  will  consist  of  3, 
type  Intersil  IM5600C,  PROMs,  2,  type  9316,  counters,  several 
J-K  flip-flops  of  the  9020  type,  and  2,  type  7400,  NAND  gates. 

6.4.5  Functional  Block  Diagram 

The  order  of  the  correlation  processing  was  described  in  the 
flowchart  of  figure  30.  The  block  diagram  of  figure  37  shows 
how  the  separate  microprocessors  described  are  interconnected. 

The  five  memory  banks  at  the  top  of  the  diagram  are  shown  separate- 
ly because  they  are  shared  by  the  individual  processors.  Data  is 
passed  from  one  to  another.  Using  data  from  the  picture  matrix 
the  PARTIAL  ROW  SUM  and  PARTIAL  COLUMN  SUM  memory  banks  are 
assembled  and  used  both  by  the  CORRELATION  and  INCREMENTAL  SEARCH 
processors.  As  a result  of  the  correlation  calculation  a whole 
bit  error  is  developed  to  reposition  the  P-matrix  in  the  FOV  for 
the  next  scan.  Every  4 picture  fields  the  REF  ROW  and  REF  COL 
memory  banks  are  updated  with  a new  reference  vector  obtained 
from  the  correlation  calculation. 

The  incremental  search  is  performed  using  all  memory  banks 
with  the  exception  of  the  picture  matrix.  The  incremental  error 
is  combined  with  the  whole  bit  error  from  the  correlation  opera- 
tion and  after  conversion  to  analog  format  is  routed  to  the  tracker 
servo  system. 


I 


6.4.6  Summary 


The  prime  requirement  for  the  correlation  processing  is  to 


produce  an  error  within  4 milliseconds  after  the  termination  of 


the  picture  matrix.  The  system  described  will  satisfy  this  condi- 


tion. It  is  readily  adaptable  to  an  extension  of  the  picture 


field  rate  to  500  Hz.  The  method  of  processing  selected  has 


several  microprocessors,  each  optiftiized  for  its  own  task.  One 


microprocessor  design  is  the  unit  that  computes  partial  row  and 


column  sums.  Others  are  the  correlation  unit  and  the  incremental 


search  unit.  This  approach  using  distributed  memory  resulted  in 


a shorter  computation  time  than  the  microcomputer  approach.  The 


latter  method  uses  one  memory  bank,  a control  unit,  and  a general- 


purpose  arithmetic  unit. 


The  previous  description  applies  to  one  of  two  identical 


tracking  processors.  Some  of  the  parts  listed  will  change  when 


the  logical  design  is  completed.  About  200  chips  per  tracker  will 


be  required  for  correlation  processing. 


6.4.7  Extension  to  500  Hz 


The  present  design  concept  is  extendable  to  500  Hz  with 


parallel  processing.  The  forming  of  partial  row  sums  will  be  done 


simultaneously  with  the  generation  of  partial  column  sums.  Corre- 
lations will  be  performed  on  4 quarters  of  the  32  by  32  matrix 


simultaneously  with  a search  made  for  the  smallest  of  the  minimum 


correlation  numbers  from  each  group.  The  total  time  from  beginning 


to  end  of  the  error  calculations  will  be  on  the  order  of  1 milli- 


second. 


SECTION  VII 


CONCLUSIONS 

The  previous  sections  have  detailed  the  problem,  the  theory 
and  implementation  of  the  tracking  algorithms,  the  formation  of 
the  tests,  and  the  resultant  data  derived  from  real  sensor  sequen- 
tial image  data.  This  section  presents  some  conclusions  that  can 
be  drawn  relative  to  the  comparative  performance  of  the  different 
tracking  configurations  on  that  data.  Based  on  a critical  exam- 
ination of  the  data,  a general  conclusion  that  can  be  drawn  is 
that  the  correlation  tracker  is  the  most  precise. 

Other  specific  conclusions  are  as  follows; 

• In  terms  of  jitter  performance  (rms  radial  error) , best 
performance  is  obtained  from  the  correlation  tracker 
followed  in  order  by  the  centroid  and  edge  trackers.  In 
general,  the  performance  of  the  edge  tracker  is  inferior. 
Table  XIV  summarizes  the  relative  performance  of  the  corre- 
lation and  centroid  trackers  in  terms  of  relative  noise  re- 
duction of  the  correlation  over  the  centroid  tracker. 

• The  spectral  density  calculations  and  plots  indicate  that 
for  the  correlation  and  centroid  trackers  most  of  the  energy 
occurs  at  very  low  frequencies  and  is  more  typical  of  random 
wander  rather  than  jitter.  The  variance  is  generally  greater 
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Table  XIV 


Noise  Reduction  of 

Correlation  Tracker  Relative 
Tracker 

to  Centroid 

Run  No . 

Noise  Reduction  (dB) 

80 

-12.9 

82 

- 3.3 

34 

- 3.5 

86 

- 8.5 

88 

- 1.52) 

Test  Target 

>Stationary 

90 

+ .33) 

92 

- 2.2 

94 

- 4.1 

(i.e.,  the  spectrum  is  spread  more)  for  the  centroid  and 


edge  trackers. 

Tests  have  shown  that  the  track  window  position  can  be 
placed  over  different  points  on  a given  target  with  essen- 
tially the  same  performance  for  the  correlation  tracker  and 
with  performance  values  that  vary  as  a function  of  position 
for  the  edge  and  centroid  trackers. 

The  correlation  and  edge  trackers  require  no  operator  inputs 
of  threshold  level  or  contrast  sign  determination;  the  per- 
formance of  the  centroid  tracker  depends  upon  operator 
choice  of  these  parameters  (although,  with  added  complexity, 
the  process  can  be  automated  for  almost  all  cases) . 

Drift  error  or  change  in  track  point  for  the  correlation  and 
centroid  trackers  are  comparable,  small,  and  sometimes 
better  for  the  centroid  tracker.  Drift  error  in  the 


i 
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correlation  tracker  is  related  to  the  update  scheme.  Skip- 


ping of  a number  of  frames  has  been  shown  to  produce  less 


drift  than  averaging  over  a number  of  frames  to  produce  the 


reference.  This  problem  has  not  been  completely  resolved 


and  it  is  expected  that  better  update  algorithms  other  than 
those  tested  will  be  found;  performance  at  present  is  con- 


sidered good  but  can  be  improved. 


To  achieve  some  of  the  better  data  for  the  centroid  and  edge 


trackers,  some  form  of  channel  gain  compensation  would  be 


required.  In  some  cases,  without  gain  compensation,  the  low 


gains  of  the  centroid  and  edge  trackers  would  produce  an  un- 


lock condition  in  a closed  loop  system. 


In  addition  to  the  specific  tests  made  on  stationary  targets, 
the  reference  program  capability  is  shown  by  data  derived 


from  different  measures  (correlation  with  marginals  and  sum 


of  absolute  values,  centroid,  and  edge)  on  the  same  data. 


The  simplified  correlation  tracker  algorithm  employed  in  the 


tracker  CSP  can  be  implemented  with  computation  times  of 


less  than  4 milliseconds  for  a frame  rate  of  120  Hz. 


The  design  configuration  lends  itself  to  formation  of  simple 


parallel  structures  for  extension  to  a 500-Hz  frame  rate. 
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SECTION  VIII 
RECOMMENDATIONS 

The  development  of  the  Computer  Simulation  Package  during 
the  Phase  I effort  has  provided  a tool  which  serves  to  predict 
the  performance  achievable  with  various  tracking  systems.  Sev- 
eral measures  of  tracker  performance  in  terms  of  rms  jitter, 
drift,  and  error  spectral  density  are  provided  as  outputs.  Fur- 
ther effort  is  required  to  verify  the  predicted  efficiency  of  the 
correlation  tracker.  Comparison  of  predicted  and  actual  tracker 
performance  is  recommended  to  obtain  this  verification.  This  can 
be  accomplished  by  comparison  of  the  predicted  performance  of  the 
correlation  tracker  with  that  of  a tracker  mechanization  devel- 
oped during  the  next  program  phase. 

Of  the  correlation  tracker  algorithms  investigated,  the 
single  iteration  exhaustive  search  using  the  absolute  value 
metric  operating  on  marginal  vector  data  is  recommended  for 
mechanization  in  the  second  phase.  The  exhaustive  search  nables 
the  target  to  be  found  anywhere  in  a 32-by  32-element  window 
processed  by  the  tracker.  This  search  is  made  possible  within  the 
limitations  imposed  by  the  sensor  frame  time  by  the  use  of  the 
absolute  value  metric  which  simplifies  the  types  of  calculations 
and  by  using  the  marginal  vector  data  which  represents  a 16-by 
16-element  scene  by  two  16-element  vectors  instead  of  a 256- 
element  matrix  array. 
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Th0  originally  proposed  gradient  search  approach  was  found 
to  lead  to  frequent  loss  of  track  on  a target  in  a complex  back- 
ground environment.  The  multiple  iteration  approach  with  suc- 
cessive searches  with  gradually  improving  resolution  minimi/.ed 
the  number  of  calculations  and  thus  permitted  the  highest  oper- 
ating speed.  However,  the  performance  attained  with  this  tech- 
nique was  less  satisfactory  since  the  target  was  occasionally  lost 
in  tbe  low-resolution  search.  Also,  the  variety  of  the  cal- 
culations required  a mechanization  of  the  correlation  processor 
amounting  to  a minicomputer.  A computer  such  as  the  Digital 
Equipment  Corporation  PDF  11/45  would  perform  the  necessary  calcu- 
lations at  the  rates  desired. 

The  cost  of  the  digital  correlation  tracker  mechanization 

can  be  reduced,  however,  through  selection  of  the  simpler  single 
interation  algorithm  described  in  this  report.  This  mechan- 
ization is  recommended  for  development  and  evaluation  during  the 
second  phase  of  the  program. 


APPENDIX  I 

CORRELATION  BASED  ON  THE  MINIMIZATION  OF  A DISTANCE  METRIC 


Suppose  two  n element  picture  representation  vectors  r and 

p are  given  where  the  component  values  r.  and  p.  are  functions 

11 

of  position  coordinates  (x,  y) ; that  is,  the  vectors  are 
represented  by 

r^(x,  y) ; i - 1, , n 

P^(x,  y)  (142) 

Let  the  vector  r be  measured  at  the  reference  coordinates 

(x  , y ) and  let  the  vector  p be  measured  at  coordinates  (x,  y) 

0 0 

where 


X »*  X.  + 6 
0 

y = y + e (143) 

^ -^0 

and  e,  6 are  small. 

It  is  assumed  that  for  small  displacements  6 , e.  the  norm  of 
the  p vector  is  constant  and  related  to  the  reference  vector 
norm  according  to 

I |p(x,  y)  1 I = c|  |r(x^,  y^)  \ \ (144) 

where  c is  a positive  constant. 


The  assumption  employed  here  is  that  for  small  displacements 


about  the  track  point  (x^,  y^) , the  pictures  within  the  track 
window  have  the  same  intensity  norms  although  they  may  be 
spatially  displaced. 

The  square  distance  (square  of  the  Euclidian  distance) 
d^(xQ,  y^,  X,  y)  is  given  by 


d^ 

o 

>1 

o 

f X, 

y)  - 

llrCXfl, 

y^)  - p(x. 

y)||^ 

(145) 

By  equation 

(143), 

let 

d^ 

(6,  e) 

= 

d" (*0< 

Yq.  y) 

(146) 

Expanding  equation 

(5)  , 

n 

d^ 

(6,  e) 

2 [r. 
i=l  1 

1 

o 

>1 

o 

P^(x,  y)]‘ 

> 

(147) 

n 

n 

d^ 

(6,  e) 

— 

Z r.2 
i=l  ^ 

^o>  - 

i=l  ^ 0 

. yo>Pi(x. 

y) 

+ 2 p 2(x,  i) 

i=l  ^ 


By  definition  of  the  norm, 


(148) 


J 


l|p(x,  y)||" 


2 P.^(x,  y) 

i=l  1 


(149) 
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Further,  the  cross-correlation  between  the  vectors  r and  p 
for  the  displacements  6,  e given  by  p(6/  e)  is  given  by 


p(6,  e) 


■ |r(X(,,  Yij)  I I • l|p(*.  y)ll 


(150) 


By  equations  148,  149,  and  150, 

dM6,  e)  » l|r(xQ,  y^j)  1 1 ^ - 2|  |r  (Xq,  y^)  1 1 

* l|p(x/  y)l|p('S/  e)  + 11p(x,  y)  1 r (151) 


And  from  equation  144, 


dMfi,  £)  = llr(x^,  yQ)||"[l  - 2cp{6,  e)  + c^  (152) 


dMfiy  e)  * (1  + I lr(Xjj,  y^)  | 


11  - 


p(6,  e)] 


1 + o' 


(153) 


Since  c > 0,  then 


- < 1 


1 + c‘ 


(154) 


Finally,  d^(6,  e)  is  minimized  if  and  only  if  p(6,  e)  is 
maximized  indicating  that  both  measures  are  equivalent. 

Calculations  according  to  equation  147  are  still  formidable 
because  of  the  necessity  of  computing  square  values.  To 
overcome  this  difficulty,  the  absolute  value  distance  measure 


^ i _ tfc'  . ‘ • 


• 

I 

r 

1 

is  employed  instead  of  the  square  measure  in  equation  147; 

j 

that  is. 

n 

i 

1 

d(6,  e)  = ^j:^|r^(xQ,  y^)  - (x,  y)  | 

■ } 

(155) 

i 

1 A s«,arch  is  then  performed  to  determine  6*,  e*  so  that 

_ 

d(6*, 

e*)  < d(6,  e) 

(156) 

I 
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Appendix  II 

POWER  SPECIAL  DENSITY  CALCULATIONS 


It  is  assumed  that  the  ineasured  error  values  from  a random 
process  are  given  by  x(t),  te[0,T}.  The  autocorrelation  func- 
tion (J)(t)  for  this  process  is  given  by 

4»(t)  = ^ Z^'^xCt)  x(t-T)dt  (158) 


The  power  spectral  density,  G(f) , for  the  random  process  is 
defined  as  the  Fourier  transform  of  the  autocorrelation 
function;  hence, 


G(f) 


-j2TTfT 

e 


dx 


(159) 


The  autocorrelation  function  is  symmetric  so  that 

4»(-t)  “ 4)(t)  (160) 

Further,  by  expanding  equation  (159), 

00  00 

G(f)  = / 4>(t)cos(2TrfT)dT  - j/  ())(T)sin(2iTfT)dT  (161) 

-00  “00 

By  equation  (160) , 

00 

G(f)  = 2/q  <|)(T)cos(27rfT)dT  (162) 

The  process  is  measured  over  the  interval  (0,T)  and  it  is 
assumed  that 

(j)(T)  = 0,  t > T , (163) 
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x'  samJ  y 


so  that 


G(f)  = 2/^4)(T)cos(2irfT)dT 


(164) 


Rather  than  being  continuous  as  in  equation  (158) * the  data  are 


given  at  time  intervals  t where 


= "To  = n/fg 

where  = sample  period  = 1/sample  rate  = 1/fg. 


(165) 


For  m input  samples,  the  period  T is  given  by 


T = mT, 


(166) 


and  displacements  Tj^  are  in  increments  of  so  that 


\ ' ‘'■'o 


(167) 


With  the  above,  equation  (158)  is  approximated  by  a sum  such  that 


<j)(kTo)  = ^ x(nTo)x(nTo-kTo) 

n*0 


(168) 


Now,  for  a <o  then 


x(a)  = o 


(169) 


“ m 2 xChTq)  X { (n-k)To> 
n=k 


(170) 


k“  •••!  m* 1 


Similarly,  the  expression  in  equation  (164)  is  also  approximated 


by  a sum  given  in  terms  of  frequency  increments  f,  where 

ic 


fk  = kf  „/120;  k = 0,1, . . ,60 


(171) 


kfg  m-1  kn 

G(t^  ) = 2/fg  ^HO)  + 2 Z 4>(nTo)  cos  (2tt— ) (172) 

n=l 


'l-'' ' : '1' " ' 


In  examining  the  data,  the  mean  value  of  the  error  X is  subtracted 

from  each  of  the  measurements;  x is  given  by 
1 m- 1 

X - ro  Z x(nTo)  (173) 

n*0 


and  a modified  error  value  y(nTo)  is  given  by 


(174) 


For  the  above,  equation  (170)  is  modified  to 

4)(kT  )=~  Z y(nT  ) y {(n-k)T^) 
n=k 


(175) 


Finally,  it  is  noted  that 


(176) 


sample  variance  of  the  process 
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Appendix  III 

TRACKER  PERFORMANCE:  NOISE  AND  DRIFT 

The  performance  of  each  of  the  tracker  types  can  be 
assessed  on  the  basis  of  two  statistics:  (1)  the  rms.  variation 

of  the  track  point  (track  point  "jitter")  and,  (2)  drift  of  the 
track  point  from  initial  values.  Both  of  the  above  are  deter- 
mined from  a linear  regression  analysis  given  below. 

It  is  assumed  that  measurements  are  made  over  n data  frames. 
For  a given  data  frame  k,  the  measurement  error  in  one  channel, 


Xj^,  is  assumed  given  by 
= g(t.  ) + e 


(178) 


where  is  a random  variable  assumed  independent  and  identically 


distributed.  The  function  g is  assumed  linear  and  given  by 

g(tjj)=  a + 6 (t^  - t ) (179) 

where  t xs  the  mean  of  the  t,  values. 

k 

From  an  analysis  given  in  LJ  ndgren* , unbiased  estimates  of 
2 

CL .1  3,  and  a are  given  by; 


*B.  W.  Lindgren,  Statistical  Theory,  The  MacMillan  Co.,  New  York, 
1966,  pp.  360-362. 
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a = £ Z X = mean  error 

n k 

regression  coefficient 

(180 

$ (tj^-t)  ] ^ = sample  variance 

1 n 

t = n ^ 

\=1  ^ 

n = number  of  frames. 

Since  the  frame  rate  is  constant,  the  formulas  of  equations  (180) 
can  be  rewritten  in  terms  of  the  number  of  frames  and  are  given 


The  drift  distance  for  a given  channel,  d,  is  given  by 

A 

d = 0n  (182) 

Calculations  are  made  for  each  channel  and  may  be  combined  as 
follows ; 

a radial  * °y^  (183) 

The  above  is  a figure  of  merit  combinina  the  jitter  noise  of 
both  channels.  A total  drift  distance,  d^,  is  similarly  given  by 

* n (184) 
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APPENDIX  IV 


TV  IMAGERY  DATA 


The  following  pages  of  this  appendix  present  the  frames  of 


TV  imagery  data  which  were  processed  as  described  in  Section  4 of 


this  report.  Digital  imagery  information  was  derived  from  these 


frames  for  input  to  the  Computer  Simulation  Package.  In  para- 


graph 4.2.3  the  four  separate  imagery  data  runs,  numbers  2 


through  5,  were  described.  These  particular  segments  of  the 


imagery  supplied  by  AFWL  were  selected  to  provide  varying  back- 


grounds, target  aspects  and  contrasts.  Each  data  run  consists 


of  six  groups  of  21  sequential  frames  of  imagery.  The  first  of 


these  runs,  number  2,  consists  of  scenes  with  the  target  flying 


in  front  of  a clear  background  sky.  The  fuselage  is  darker  than 


the  background  and  the  foreshortened  sunlit  wings  brighter.  The 


first  21  frames  of  this  data  run  were  input  to  the  C3P  for  com- 


puter runs  numbers  30  and  31  and  39  through  43  which  were  dis- 


cussed in  paragraph  5.1.  Both  the  wing  section  and  nose  of  the 


target  aircraft  were  tracked  during  these  computer  simulation 


runs.  In  the  final  tracker  performance  evaluation,  computer  run 


number  80  also  used  data  run  number  2 with  100  frames  being  pro- 


cessed during  this  tracker  comparison  run.  Data  from  this  and 


the  other  final  production  runs  of  the  CSP  are  presented  in 


Appendix  V with  a summary  analysis  in  Section  5.  During  computer 


run  number  80  the  trackers  tracked  the  wing  section  of  the  aircraft, 


Data  run  number  3 containing  imagery  of  an  aircraft  target 
turning  against  a clear  sky  background  was  used  for  computer  run 
number  82.  During  this  run  the  three  tracker  algorithms  were 
compared  to  evaluate  their  performance  tracking  the  nose  of  the 
aircraft  for  48  frames  of  the  imagery  data. 

In  computer  run  number  84,  im  igery  data  run  number  1 was 
used.  This  run  contained  the  same  frames  of  imagery  processed  as 
data  run  number  4 but  without  the  time  code  display  along  the 
left  margin  of  the  scene.  In  this  sample  of  imagery  the  aircraft 
is  flying  in  front  of  a mountainside  background.  Comparative 
tracker  performance  was  evaluated  for  96  frames  with  the  trackers 
tracking  the  dark  aircraft  tail  section. 

The  final  data  run,  number  5,  was  used  for  computer  run 
number  86.  In  this  imagery  the  aircraft  climbs  across  the 
mountain  horizon  and  turns  to  provide  a changing  aspect.  Tracker 
performance  was  compared  for  98  frames  while  tracking  the  air- 
craft nose. 
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APPENDIX  V 
COMPUTER  PRINTOUTS 


The  body  of  this  appendix  is  composed  of  copies  of  the  computer  printouts 
obtained  during  the  final  production  runs  of  the  Computer  Simulation  Package 
(CSP)  on  the  CDC  6600.  These  runs  were  conducted  to  evaluate  the  per- 
formance of  the  selected  digital  correlation  tracker  algorithm  and  to  compare 
its  performance  with  that  of  edge  and  centroid  tracker  algorithms  operating 
on  the  same  target  imagery  data.  The  input  imagery  processed  was  televi- 
sion euid  infrai  3d  imagery  supplied  by  AFWL.  This  imagery  had  been  con- 
verted to  64  level  digital  information  in  a 100  by  100  element  picture  format 
for  input  to  the  CSP. 

Computer  runs  mombered  80,  82,  84,  and  86  used  the  TV  imagery  pre- 
sented in  Appendix  IV  as  data  runs  numbered  2,  3,  4,  and  5,  respectively. 
Runs  88  and  90  were  conducted  using  IR  imagery  of  a stationary  target  with 
the  sensor  operating  with  narrow  (run  88)  and  ’vide  (run  90)  fields  of  view. 
Runs  92  and  94  used  IR  imagery  of  the  same  aircraft  target  shown  in  the  TV 
imagery,  again  in  narrow  and  wide  field«  of  view  respectively. 

In  run  80,  the  aircraft  wing  section  was  designated  as  the  tracker  target, 
and  in  run  84  the  trackers  were  assigned  to  track  the  tail  section.  For  the 
remaining  runs  - numbers  82,  86,  92,  and  94  - the  trackers  tracked  the 
aircraft  nose. 

Each  computer  run  printout  begins  with  a referencing  program  title  page 
that  identifies  the  number  of  referencing  operations  conducted  or  the  number 
of  pictures  processed.  This  number  lias  a maximum  value  of  one  less  than 
the  total  number  of  frames  of  imagery  in  the  input  data  that  are  compared 
to  the  reference  scene  to  determine  where  maximum  correlation  occurs. 


Next  in  the  listing  are  the  coordinates  of  the  upper  left  hand  corner  of  the 
window  in  the  first  frame  of  data  that  is  selected  by  the  operator  as  the  tar- 
get. This  scene  becomes  the  first  reference  image.  The  coordinates  are 
given  in  the  order  Y,  or  horizontal  row  number,  increasing  downward,  and 
X,  or  vertical  column  number,  increasing  to  the  right;  they  are  measured  in 

I numbers  of  picture  elements  in  the  100  by  100  element  input  imagery. 

■ The  tape  output  option  selected  is  also  shown  as  a 0 for  no  tape  output 
or  as  a 1 if  an  output  referenced  imagery  data  tape  is  desired  for  input  to 
the  tracking  program  portion  of  the  CSP.  Finally,  the  polarity  of  the  con- 
trast of  the  selected  target  relative  to  its  background  is  indicated  as  posi- 
tive  (POS)  or  negative  (NEG).  Since  the  threshold  processing  in  the  centroid 

i tracker  algorithm  accepts  only  signals  above  a t.ireshold  level,  txie  signals 

’ are  inverted  before  thresholding  when  negative  target  contrast  is  indicated. 

The  second  page  of  each  printout  repeats  the  starting  target  coordinates 
and  then  presents  the  location  in  each  scene  after  the  first  or  reference 
scene  (number  0)  where  maximum  correlation  was  measured  by  the  referenc- 
ing program.  This  table,  entitled  "Coordinate  Error  Analysis,  " lists  each 
frame  number  (NPIX)  after  the  reference  scene  plus  the  X and  Y coordinates 
of  the  location  in  the  scene  where  maximum  correlation  was  found.  The 
coordinates  of  this  location  are  presented  as  X ERROR  and  Y ERROR,  which 
define  the  position  of  the  correlation  maximum  relative  to  the  original  start- 
ing coordinates  in  units  of  picture  elements. 

The  third  table  of  each  computer  run  printout  provides  an  evaluation  of 
the  effective  signal-to-noise  ratio  of  ‘he  imagery  being  processed  by  the 
referencing  program.  The  computation  by  which  this  ratio  is  derived  was 
described  in  paragraph  3.  1.  5.  2.  The  tabulation  gives  the  sample  number, 
each  sample  consisting  of  10  frames  of  imagery,  plus  the  signal  level,  noise 

I level,  and  signal-to-noise  ratio  averaged  over  the  10  data  frames.  The  units 

■ of  measurement  in  this  table  are  relative  to  the  scale  of  64  units  of  peak-to- 

9 

^ peak  brightness  variation  in  the  initial  reference  scene.  At  the  end  of  the 
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table,  the  average  or  resultant  signal-to-noise  ratio  for  all  of  the  samples 
is  printed. 

The  remaining  pages  of  each  computer  run  printout  are  the  outputs  from 
the  tracking  program  portion  of  the  CSP.  The  tracking  program  title  page 
gives  the  run  number  and  then  lists  the  various  optional  parameters  selscted 
for  the  run.  Items  listed  include  the  size  of  the  tracking  gate  selected  for  the 
centroid  and  edge  trackers,  given  in  terms  of  the  number  of  columns  in  the  X 
dimension  and  the  number  of  rows  in  the  Y dimension,  of  picture  elements 
within  the  gate.  Following  is  the  location  of  the  center  of  the  scene  given 
by  the  number  of  picture  element  rows  and  columns  from  the  upper  left  hand 
corner  of  the  image  data  array. 

The  frequency  of  printout  of  the  data  from  the  tracking  program  is  listed 
next,  measured  in  ths'  number  of  data  frames  between  printouts.  A printout 
of  the  data  obtained  on  the  last  frame  of  each  run  is  included  for  each  com- 
puter run  in  this  appendix.  The  next  line  indicates  the  source  of  video  data 
to  be  used.  Only  unit  1,  the  data  tape  supplied  from  the  referencing  pro- 
gram, was  used  for  these  tracker  evaluation  runs.  ^ 

Continuing  with  the  title  page  listing,  the  frames  of  data  tape  imagery  that 
are  processed  in  the  tracking  program  run  are  identified  next.  This  is  done 
by  indicating  the  number  of  frames  of  data  at  the  beginning  of  the  tape  that 
the  user  elected  to  skip  plus  the  number  of  sequential  frames,  including  an 
initial  reference  frame,  that  he  elected  to  process. 

On  the  next  line  of  the  printout  the  frame  rate  or  frequency  at  which  the 
input  imagery  data  was  recorded  is  indicated  in  hertz.  This  value  is  later 
used  in  computing  the  spectral  power  density  of  the  tracking  error  signal. 

The  amplitude  resolution  of  the  input  imagery  data  is  then  indicated  in  terms 
of  the  number  of  input  binary  bits  needed  to  define  the  scene  brightness  in 
each  picture  element.  The  maximum  number  of  bits  available  is  8,  corres- 
8 ponding  to  the  64  levels  of  input  data  supplied  to  the  CSP. 
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Next  in  the  tracking  program  title  page  printout  is  a listing  of  the  selected 
values  of  several  program  parameters.  These  parameters  are  described 
in  the  Computer  Simulation  Package  User's  Manual,  where  they  are  defined 
as  follows: 

• ICOLPS  - A prog  ram  variable  that  enables  the  programmcx  to  vary 
the  effective  sizr.  of  the  tracking  gate  of  the  correlation  tracker.  If 
ICOLPS  equals  (),  the  gate  is  a 16  by  16  element  array  of  the  input 
imagery  data.  If  ICOLPS  equals  1,  the  input  imagery  is  collapsed, 
adding  groups  of  4 contiguous  picture  elements  to  create  a new  data 
element  in  the  collapsed  picture.  This  effectively  increases  the  gate 
size  so  that  it  corresponds  to  a 32  by  32  element  array  in  the  input 
picture  while  maintaining  a fixed  16  by  16  element  array  of  data  for 
processing  in  the  digital  correlation  tracker. 

• lOFF  - A variable  that  selects  the  type  of  offset  of  the  target  scene  that 
the  trackers  will  he  expected  to  detect  during  the  run.  When  lOFF 
equals  0,  a set  of  random  offsets  is  used.  If  lOFF  equals  1,  offset 
values  are  obtained  from  a transient  table. 

• SCALOF  - A scale  factor  that  determines  the  peak  amplitude  of  the 
random  offset  of  the  target  scene.  When  lOFF  equals  0,  offsets  in 
both  X and  Y will  be  randomly  distributed  between  * SCALOF,  where 
the  value  of  SCALOF  is  no  greater  than  7 elements.  This  prevents 
the  target  scene  from  moving  outside  of  the  32  by  32  element  picture 
searched  by  the  tracking  gate. 

• SFACX  - A scale  factor  for  the  transient  offset  selected  when  lOFF 
equals  1.  The  X offset  will  be  SFACX  times  the  value  from  the  tran- 
sient offset  table.  SFACX  also  has  a maximum  veilue  of  ±1. 

• SFACY  - A sccde  factor  for  transient  offsets  in  the  Y coordinate 
direction. 

After  the  tabulation  of  these  program  variables,  the  tracking  program 
title  page  lists  the  signed  preprocessing  and  thresholding  procedures  selected 
from  the  various  available  options  in  the  CSP.  For  the  edge  tracker,  the 
input  video  data  is  converted  to  single-bit  binary  data  in  a threshold  detector 
that  operates  at  a level  selected  automatically  in  the  program  or  preset  by 
the  user.  A thinning  procedure  is  adso  available  to  reduce  the  width  of  the 
target  contour  data.  For  the  centroid  tracker  input,  the  threshold  level  and 
the  format  of  the  thresholded  video  data,  either  single-bit  binary  or  multiple- 
bit  (linear)  binary  digital,  are  selectable. 


i 
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The  options  chosen  are  listed  on  the  tracker  program  title  pages.  The 
optional  inputs  for  the  digital  correlation  tracker  include  the  above  two  for- 
mats of  thresholded  video  as  well  as  unthresholded  video  data.  The  correla- 
tion metric  selected  from  among  the  four  available  options  in  the  correla- 
tion tracker  algorithm  is  also' listed  along  with  the  manner  and  frequency  of 
the  correlation  reference  update  during  the  tracking  run. 

Finally,  the  tracking  program  tilJie  page  concludes  with  a listing  of  the 
effective  gains  of  the  tracker  error  detectors  averaged  over  the  complete 
run.  These  gains  are  ratios  of  the  indicated  tracker  error  to  the  actual 
error  induced  by  the  offset  routine.  Values  are  listed  for  each  of  the  three 
tracker  algorithms  in  each  of  the  two  tracking  coordinates. 

After  the  title  page,  the  next  5 pages  of  the  tracking  program  printout 
are  reproductions  of  the  32  by  32  element  digital  picture  matrix  at  various 
points  in  the  preprocessing  cycle.  This  is  the  matrix  searched  by  the  track- 
ing gate.  The  first  picture  presents  the  input  data  from  the  referencing 
program  converted  to  4-bit  digital  data  so  that  it  can  be  printed  out  in  a 
single-digit  scale  with  a slash  overlay  to  indicate  10  plus  the  number  printed. 
The  offset  selected  for  this  particular  frame  of  data  is  also  indicated  on  the 
page  with  the  input  data  matrix. 

The  second  picture  matrix  presents  the  video  gradient  data  array  derived 
from  the  input  imagery  and  supplied  to  the  edge  tracker.  The  third  picture 
illustrates  this  data  array  after  processing  in  a threshold  detector.  These 
data  are  input  to  the  edge  tracker  pmcessor  for  derivation  of  the  tracking 
error  signal.  The  fourth  and  fifth  pictures  present  the  data  arrays  that  are 
input  from  the  preprocessors  to  the  digital  correlation  tracker  and  centroid 
tracker  error-signal  detectors. 

Following  the  input  picture  arrays,  the  next  page  of  the  printout  presents 
a tabulation  of  tracking  errors  derived  on  the  last  frame  of  imagery  pro- 
cessed during  the  run.  It  also  presents  a readout  of  the  16  by  16  element 
reference  picture  employed  in  processing  this  last  frame  of  data  in  the 


digital  correlation  tracker.  The  tracker  error  data  tabulated  for  each  of  the 


three  tracking  algorithms  consists  of  the  directly  measured  errors,  XM  and 
YM,  and  the  corrected  tracking  errors,  XC  and  Y C,  in  each  coordinate 


direction.  The  measured  errors  are  the  coordinates  of  the  location  that  the 


tracker  indicates  to  be  the  true  target  position  relative  to  the  original  target 
position  in  the  data  array. 

To  correct  this  error  information,  consideration  must  be  given  to  the 
offset  in  the  target  position  (either  random  or  transient)  that  was  introduced 


for  this  frame.  This  offset  is  listed  below  the  tracker  errors  in  the  order 


X offset  and  Y offset.  Another  parameter  that  must  be  considered  is  the 
incremental  error  in  target  position  that  was  detected  by  the  referencing 
program.  While  the  referencing  program  outputs  data  arrays  with  the  target 
always  in  the  same  position  to  the  nearest  data  element,  fractional  position 
changes  are  not  corrected  but  are  recorded  as  input  incremental  errors  to 
the  track  program.  These  errors  in  X and  Y are  also  listed  after  the 


tracker  errors. 


For  example,  the  corrected  error  in  the  X coordinate  on  sample  100  of 
run  80  for  the  edge  tracker  is  computed  as  follows: 


Measured  X error  XM 
Less  frame  X offset 


-0. 4088 
-(-1.  0000) 
+ 0.  5912 


Less  X input  incremental 


error  -( 0. 1250) 

Equals  corrected  X error  XC  +0.  4662 


All  of  the  numerical  values  presented  in  this  table  of  tracking  errors  are 


in  units  of  picture  elements.  At  the  bottom  of  the  tabulation  of  tracking 


errors,  the  actual  values  of  the  correlation  metric  are  listed  for  a 9-element 


(3  by  3)  array  of  positions  in  the  data  matrix  centered  about  the  location 


where  maximum  correlation  was  measured.  Maximum  correlation  is  indi- 


cated by  a minimum  value  of  the  metric.  Values  are  listed  in  this  order: 
upper  row  left,  center,  and  right  columns;  middle  row  left,  center,  and 
right  columns;  and  lower  row  left,  center,  and  right  columns. 


ifi 


The  next  page  of  the  computer  printouts  provides  a summary  of  the 
statistical  tracking  error- signal  data.  The  mean  tracking  error  during  the 
run,  the  rms  tracker  jitter  after  subtraction  of  drift,  and  the  drift  or  re- 
gression coefficient  (beta)  are  given  for  each  coordinate  axis  for  the  three 


trackers.  The  radial  rms  jitter  is  also  listed  for  each  tracker  as  well  as 
the  radial  drift  distance.  All  data  are  evaluated  in  units  of  picture  elements. 

The  radial  jitter  is  obtained  by  computing  the  square  root  of  the  sum  of 
the  squares  of  the  rms  error  in  the  two  coordinate  directions.  The  radial 
drift  is  obtained  by  a similar  calculation  of  the  square  root  of  the  sn.m  of  the 
squares  of  the  two  coordinate  regression  coefficients,  with  the  resultant 
multiplied  by  the  number  of  frames  processed  in  the  tracking  run. 

This  statistical  data  summary  is  followed  by  two  tables  of  frame-to-frame 
tracking  error  data.  The  first  table  presents  the  measured  tracking  error 
data  first  corrected  for  tracker  gain  variation  by  dividing  by  the  effective 
gains  listed  on  the  tracking  program  title  page.  The  further  corrections  to 
compensate  for  offset  and  input  incremental  error  are  then  added  as  pre- 
viously described. 


For  example,  the  tracking  error  in  the  X coordinate  of  the  centroid 
tracker  on  sample  100  of  run  80  is  computed  as: 


Measured  X axis  error,  XM 
Divided  by  X axis  gain 


-1.  2331 
^0.  97828 
-1.  2604 


Less  X axis  offset 


(-1.  000) 

-0.  2604 


Less  X axis  input  incremental 


error 


Corrected  X axis  error 


-(0.  1250) 
-0.  3854 


This  is  the  last  value  listed  in  the  table  under  centroid  X axis  tracking 


errors.  The  frame-to  -frame  errors  are  listed  in  order  reading  from  left 
to  right  for  each  set  of  10  frames.  Data  values  are  given  in  each  coordinate 


axis  for  the  three  trackers. 
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The  second  table  presents  the  same  frame-to-frame  tracking  error  data 
after  filtering  by  the  expected  tracker  servo-loop  response  function. 

Finally,  the  last  12  pages  of  each  computer  run  printout  present  the  com- 
puted power  spectral  density  of  the  filtered  error  signals  in  tabular  and 
graphical  form  for  both  coordinate  axes  of  the  three  trackers.  The  ampli- 
tude of  the  power  spectral  density  is  given  in  terms  of  units  squared  per 
hertz,  where  the  units  are  the  tracker  error  signal  amplitude  in  picture 
elements. 
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SEAPCP  WIKDCI*  IS  \h  X Ife 
STARTIK'G  target  CQDWCIKATES  are  («1*52) 
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. 449 
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5.03 

e 

11.5«J 

2.13 

3.^9 

1 1 .8fc 
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tracking  run  „Np.  80_. 


X OIMENSIUN  =16  Y DIMENSION  = 16 

X CENTER  = 32  _ Y CENTF_R__f_3?  

PRINTOUT  EVERY  99  FPAr'ES 

INPUT  FROM  UNIT  1 

' 0 ‘frames  skipped*  101  framfs  processed 

IFREQU_ENGY_  =_  30.  00_  ..  

5 INPUT  "bits  used 
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lITEAR  ' PROCt  SS  ING  FOR’ COPRELATION  TRAOKEP 
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UPDATE  AT  10  FRAMES(SKIP) 

LINEAR  PROCESSING  ABOVE  THRESHOLD  OF  - 20  FOR  CENJROIC  TRACK-R 
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SAllPLE  N-Q^iaO 


RUN  NG 


VIDEO  GRADIENTS 
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TRACKING  ERRORS 
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-.2789 

-.2866 

-.5541  -.42C6  -.439=  -.6002 


-.0624 

-^54^2 

.4536 

J.3C23 

-.1152 

-.6584 

.3133 

-.0602 

.3212 

t.1716 


-.363  3 
.7601 
.6362 
.5397 
1.2968 
-.3434 
.8785 
. 0729 
.9163 
i..2l08 


.0  C88 
-.2484 
-.1096 
-.  0 666 
-.1884 
-.4829 
-.4017 
-.6087 
-.5899 


. 0 726 
.0  6‘3e 
.0637 
-.0.481 
-. 3104 
-.2672 
-.5792 
-.4664 
-.6356 


TRACKING  ERRORS  (Continued) 


EOC-E 

•H.7837 

- X AXIS 
1.3364 

-4.  22  47 

-2.7987 

2.4770 

.5331 

-2.  6066 

2.4804 

1.6654 

. 7224 

2,<*C5» 

-2. 3639 

-.  1224 

-1.6552 

-5.5295 

-1. 2363 

5.1836 

-1.5416 

.2091 

-1.1^94 

1.5268 

-. 0777 

. 1 366 

-2.2279 

. 1684 

-5. 2868 

-4. 9902 

-2.8530 

6.5665 

-.0937 

2.3683 

2.4187 

4.  12C3 

1.9866 

1.7809 

-.2816 

. 1040 

2.8590 

6,J404 

2.30  98 

.9888 

2. 5312 

2.  1 234 

2.4622 

1. 5870 

1.  2136 

9. 9040 

.7033 

.6368 

.2249 

3.9753 

.9136 

-.  4 129 

-3. 738*4 

, 775  3 

-1.8447 

. 6658 

.0204 

2.2  002 

2.0359 

.1372 

-4.5929 

-2.4417 

.9964 

1. 2311 

5. *343 

1.4449 

2.7893 

3.2294 

-.4425 

2.3273 

2.0236 

2.6294 

-1.2566 

-2.259  3 

3.9015 

.5838 

-.4759 

4.  4 0 95 

.4962 

.2794 

-. 993 { 

2.  0916 

2.1709 

-1.  7366 

• 5861 

-.  1932 

- 1.4587 

5.0524 

2.0283 

1.9675 

-1. 7776 

-3.  6134 

4.6354 

. 425  9 

-1.1691 

. 3218 

1.6081 

1.5184 

-1.4568 

EDGE 

“.7‘.92 

- r AXIS 
-.4351 

-.6  030 

.1‘'87 

-. 3036 

. 2945 

-.3612 

.0064 

-.3606 

-.9337 

.1249 

-.0218 

. 0961 

-.2271 

-. 3942 

-.5139 

. 2790 

.06/2 

-.6050 

.0246 

-.9646 

-.0912 

-.6  C44 

- .0539 

-.2567 

.2136 

-.4172 

-.6158 

-,  3274 

-.2997 

-.5305 

-.6700 

-.6170 

-.9850 

-. 1648 

-.1439 

-.1615 

.5015 

.0  756 

-.6710 

- .3214 

-.7972 

-.6850 

-.6829 

-.6647 

-.4400 

-.3083 

-.4698 

.1697 

-.6891 

-.7581 

.10  69 

.1077 

-1.1122 

-.  3112 

-.6871 

-.3646 

-.5374 

-.3691 

-.1998 

-.5979 

-.6562 

-.  4«01 

-.6492 

-.6813 

-. 78C5 

. 0 053 

-.7204 

-.7784 

-1.'2606 

-.8991 

-.7886 

-.  9055 

-.9295 

.176  8 

-.61C2 

-.4517 

-.7462 

-.4615 

-.4192 

- .5b75 

-.7605 

-.  66  29 

-.6352 

-.2824 

-.5644 

-. 6483 

-.3155 

-.7329 

-1.1465 

-.5233 

-.3829 

-1.1827 

-.7276 

-.8729 

-1, 0960 

-1. 3807 

-.6224 

-.7500 

-.6765 

* 4 

"•  «,• 

If' 
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X_AXL5. 


CENTgQIO  ■« 

O.CuCG  Q.oaoj 

-,3906  -.2981 

.134J  -a<«fl3 

.0758  .1326 

.4199  .3iL72 

-.0397  .0725 

.1827  .1991 

-.0919  -.0805 

-.1168  -.27.66 


-.0845  -.2010 

•!^..46^1&  -.3019 

-.1725  -.1620 

-.1290  -.0656 

.2627  .3874 

_r.Q22t  -.227.9 

-.1475  -.3388 

.1869  .0893 

-.1484  -.0"’70 

-.2475  -.2339 


-.3020  -.4417  -.3395  .0174  .1913 


r..261il 

.-a.il  ja8iJ_ 

-.M5J1_ 

-.4311 

. 0301 

-.  0287 

-.0749 

-.1789 

.0  351 

.1028 

. 0 491 . 

_=L  1.13.514 

-.  05-41  _ 

. _,u:87 

. 3234 

. 1866 

.2196 

.2426 

.1060 

.^...11218  . 

...  .DQ5J  - 

._-,J.42.e. 

.-,4Jit5. 

-. 3248 

-.2414 

-.2635 

-.0818 

.2042 

-.  1829 

_r.43£8 

-.5326 

-.4469 

-.232J  - 

,C'«10 

.0119 

. 0505 

.0125 

.1022 

-. 0919 

-.1392 

-.2642 

-.1316 

-.1164 

CtNTSOlG  - Y Alls 


Q .0  :0Q 

Q.QOQ J 

. 0482 

. 0727 

.490  3 

. 7679 

.0987 

-.1436 

. 0 007 

.4325 

.1656 

. 0906 

.6213 

.7906 

. 78  94 

1.2182 

1. 3443 

1,3613 

.0614 

. 0 878 

-.1196 

.96^0 

1.0523 

.9133 

.2623 

. 3366 

. 3328 

,4353 

.2698 

, 18  98 

QIC  , 

lOR-l  - X 

AXIS 

0 . 0 jQO 

Q.  0 0 00 

-.0  018 

- .1  458 

-.2  097 

-.2652 

- .26C1 

-.2193 

-.  2 188 

- , 1 J6d 

-. 1597 

-,  1893 

- .1055 

-.1640 

-.1939 

-.2637 

-.2664 

-.2609 

- .4910 

-.4305 

-,  4 C92 

-.4  74  0 

-.5122 

-.5460 

- .5401 

-.5426 

-.5498 

- .6376 

-.6399 

-.6045 

-.135J 

-.  37-,8 

-.4815 

.5893 

. 1809 

. 0 891 

.5959 

.9296 

1. 1712 

.2190 

. 3997 

. 4136 

.7223 

. 5809 

. 4781 

,9165 

. 6248 

. 3376 

-.2315 

-. 1697 

-. 3264 

.6511 

.5664 

. 4308 

.4825 

.5167 

.6083 

- .00  98 

.1781 

, 1233 

-.0642 

-.1531 

-.1420 

-.1937 

-.  lC-40 

-.  0593 

- . 1 6 0 o 

-.0755 

-.  046  8 

-.1961 

-.1192 

-,  J 768 

-.1343 

-.1808 

-.1806 

-.2634 

-.2038 

-.3070 

- ,>.6  3 7 

-. 5105 

-«  56*>o 

-.5731 

-.5724 

-. 5731 

-.5167 

-.  4907 

-.4913 

-.5775 

-.'=950 

-.6323 

. 2113 

.3104 

.3147 

.6639 

1.3087 

1.  3404 

.9153 

.53  35 

.3731 

. 3694 

,7371 

.9226 

.5634 

.6928 

.9808 

.2470 

.2994 

.1252 

.1007 

.5232 

,9067 

. 0785 

-.0786 

-.0135 

.6351 

.6192 

.6991 

,1353 

,4515 

,9990 

-. 1195 

-.0  0 25 

-.0353 

-.1156 

-.2309 

-.295  3 

-.0570 

-.0890 

-.HOP 

-.1232 

-.1838 

-.1731 

-.2053 

-.2463 

-.2465 

-.2873 

-.2868 

-.3698 

-.5827 

-.5227 

-.4297 

-.5895 

-.5990 

-.6030 

-.5163 

-.5249 

-.5467 

-.6326 

-.6286 

-.6530 

LI6  OOKR  - r 

AXIS 

0.0^00  0.0000 

. 1940 

.3122 

.0551  .0731 

. 0596 

, 3487 

.064&  .0865 

. 0628 

. 0234 

-• . 0 2o6  • 0X37 

.0326 

.OP  77 

-.1  04  7 -.121>, 

-.1415 

- . 1'’14 

-^2  264 

- . 2 1 63 

.-HI  6 0 

-.  2606  -.  2>,78 

-. 2638 

-.2^89 

-.4451  -.4306 

-.  46  35 

-.4835 

-.5320  -.  567'' 

-.5478 

- .4724 

-.5520  -.5323 

-.6210 

-.7]Q0 

. 2884 
..0661 
."140 
-.0291 
-.2179 
-.  295 ZL- 
-. 3122 
-.4110 
-.4633 
-.7481 


.1815 
, 0 681 
. 3131 
-..Q816 

-.2304 

-.  2750. 

38C7 

-.42*‘0 

-.4611 

-.7161 


. 0371 
.0718 
. 0300 
-.1373 
-.2255 
-.2417 
-.4812 
-.4672 
-. 4539 
-. 6&76 


.0  344 
,0256 
. 3232 
-.1573 
-.2417 
-.1.96  9 
-.5559 
-.3456 

- .4986 

- .6650 


.3  375 
.0.299. 
. 0 309 
-..U27 

-.2632 

-.ZOAi 

-.5876 

-.3441 

-.5873 

-.6579 


1. 
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. 0933 

.2432 
.2422 
.1358 
-ij5555_. 
. 2212 
-.1726 
. 05S0 
-iiU51 


-.0306 
,6213 
. 3600 
.7500 
1.0630 
-.0213 
.9094 
, 0343 
.7815 
.9394 


- . 05  85 
-.2897 
-.1449 
-.1178 
-.2743 
-,4739 
-.4126 
-.5875 
-.5895 
-.7093 


. 0884 
.0470 
.0108 
-.0810 
-.2803 
-t_25l.3_ 
-.5472 
-.4316 
-.6152 
-.6432 


I 


FILTERED  TRACKER  DATA  (Continued) 


£OA£ 

- A AXIS- 

- - 

0.0 JOO 

0. 0000  • 

-1.92  43 

1.6527 

. 3363 

-.8390 

- .4653 

. 1915 

.5145 

3.4139 

2. 3263 

2.6813 

3.1419 

1.6392 

1.4892 

.7I6J 

1.  66  06 

._1..39.64 

1.5644 

-1.2727 

-3.4446 

1.1074 

1.4872 

2.  3327 

1.2660 

-.2320 

.0  045 

1.6799 

-1. 0686 

-3.  3186 

- Y AXIS 

O.C3C0 

0. Q COO 

-.4742 

-.465(1 

-. 17&. 

1247 

-.5372 

-.5225 

-.4869 

-.3922 

-.5060 

-.6  365 

-.4451 

-.6976 

-.7522 

-.5402 

-.4769 

-.1014 

-.3667 

-.5393 

-.617b 

-1.1396 

■1.0105 

-.8454 

-.4699 

-.57b-» 

-.b981 

-.6757 

-» 6'«24 

-.6772 

3.  1061  -1.4394 

.8264 

1.5606  -3.  1£L0 

-3,  4280 

- .6244  -1. C639 

-2.6372 

2.9183 

2.46h6 

. 9 897 

2. 1*527 

2.2475 

1. 7210 

1.3346  -2.0174 

-1.6126 

'2.3488 

.3596 

3.6025 

1.2849 

-.9748 

-.  2868 

1.3807 

.986  3 

. 0747 

-.8851 

1.6585 

1.5054 

-.4193 

-.2C76 

. 3 841 

. 0596 

2149 

-.4762 

-.2858 

-.1854 

-. 00C5 

- .9141 

-.6460 

-.3054 

- .7309 

-.6775 

-.5656 

-.2702 

-.  5348 

-.7009 

- .6214 

-.6331 

-.7100 

- . 9314 

-.480  3 

-.2845 

-.7138 

-.5234 

-.4206 

-.8136 

-.910  9 

-.9762 

.43  09 

.2050 

.9454 

.1094 

1.9616 

1.3566 

-4.4360 

-4.7226 

.0  136 

-.1036 

.6975 

3.5611 

4.5086 

5.0928 

2.9982 

-.3231 

,31(18 

h.0893 

3.1904 

2.5298 

1.2197 

1.2829 

1.  8830 

-.4486 

-.7853 

1.2256 

. 0577 

.0622 

1.1131 

.0169 

-.0802 

-.2359 

-.2741 

.0520 

-.0521 

-.0724 

-.3641 

-.3300 

-.0676 

.1917 

.2739 

-.4070 

-.  3535 

-.1626 

-.5671 

-.4687 

-.4024 

-.4765 

-.3952 

-.5509 

-.3108 

-.5715 

-.6510 

-.4952 

-.5066 

-.5617 

-1.1728 

- 1.0779 

-.  8 309 

1.5450 
-.5796 
3.3725 
4. 6716 
. 20  29 

1.4125 

1.95U 

2.9415 

.6743 


-.5569 
-.2027 
-.4507 
-.0352 
-.2473 
-.3124 
- , 9666 
-.5472 
-.6185 
-.6344 
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SPECTkAL  OE'^SITY 


PRtQ  - HZ  AMP 


2.50000--01 
5.  000  0C£-C 1 
7.503J0E-C1 
l.OOOOOE^OO 
1. 250  J0£«'00 
1.50Q00>4'C0 
1«  75  00C£*00 
2.  OQO j0E*C0 

2,  250  3 OE  + 00 
2. 500  jC£*0  0 
2.750J0E+00 
3. OOOOOE^UO 

3.  ESOOOE^OO 
1.50000E*OC 
3.  75030E*(j0 
A, OOOOOE+00 
A.  250  0 0'E  + 0 0 
A.500  10E  + 00 
4. 75000£*00 
5^ OOOOOEaQO 
5. 25000E400 
5. 50000E4C0 
5. 75000E+00 
6. OOOOOI4CO 
o«2500CE^00 
6.500 J0C»00 
6. 75000£+Cd 
7. OOOuO:* JO 
7.250u0c+00 
7.50000£+u0 


CENTROn  - X AXIS 


- UN!TS**2/H2 


1. 58489E-0  2 
2.80949E-02 
1. 36738E-02 
1. 74353E-0  3 
5.23213E-0  3 
1 .6a990£-C  2 

5.8  98411-n  3 
1. 1A114E-02 

3.8  727(4E-o  3 
2.0  3396r-3  3 
4.19472E-C3 
3.99C'^6£-fl  3 
7.90871E-0  3 
4.77375E-G3 

7.8  9312Z-3  3 
2.7A123E-03 
9. je572d-03 
7.63e70E-03 
1.42454E-0  3 
2.59937E-03 
2.75957E-03 
6. 74790E-0  3 
1.73564E-03 
6.04597£-04 
1.0C899£-33 
1.090  39E-0  3 
3.90480E-0  3 
7. 3 j0?4£-03 

12459E-J4 

S.bgfriE-OA 


FREQ  - h2  amp  - UNITS**2/HZ 


7.75000E*00 

2.66867E-04 

e.COOOCE^-OO 

e. 37269E-04 

8.25030E4-0C 

5.95415E-04 

8.50000E+OC 

2.58843E-04 

8.75000E4-00 

5.05485E-04 

9.QCCOO£«'CO 

2.45701E-04 

9.25000E+OC 

1.66109E-04 

5.50030E4-00 

2.  >8692E-04 

5.75000E+00 

1.53996E-04 

l.C  0030E«-01 

2.  026’7E-04 

1.02500Ef 01 

2.50933E-04 

l.OEOOOc^-Ol 

3.89692E-05 

1.3  7500£*01 

5.64803E-05 

l.lOOOOE+01 

1.57830E-04 

1.1  2500E«'01 

8.90657E-05 

1.15000E+01 

6.86903E-05 

l.lZSOO^+Ol 

5.49132E-05 

1.20000E+01 

6. 75154E-06 

1.22500E+01 

1.  33198E-04 

1.25000E+31 

1 .46E95E-06 

1.275CCE+01 

3.06981E-05 

1.30300E^01 

1.74201E-05 

1.32500E+01 

3. 32919E-05 

1.35000£*01 

1. G7903E-05 

1.37500E+01 

9.76998E-05 

1 .40000E+01 

1.19844E-04 

1.42500E+01 

3. 58687E-06 

1 .45000E*01 

1.96939E-04 

1.-.7  50  0C+01 

1. 17S1I.E-0S  ■ 

1 .50000E+01 

1.52314E-04 

fPAL 'oYnSI TY 

CENTRcio"-' Y AXIS 

_ 

FRtO  - HZ  AMP 

- UNITS**2/H2  . 

FREQ  - HZ  AMP  - UNILS 

•*2/HZ 

2. 500  cToi-Cl 

4.52243E-02 

7.7500CE40C 

1.75022E-03 

"*■ 

5.00000E-01 

3.94fc58E-02 

e.OODOOE^OC 

1.37597E-03 

7.50000£-01 

1.44150E-03 

S.25000E4Q0 

1.49746E-05 

1.  OOOOOE^OO 

1.05911E-31 

S.50000E400 

2.50974E-04 

1.250  JOE*l]0 

3. 77899E-32 

■e.7500CE*OC 

1.76041E-03 

1. 500  acz^oo 

3.87153E-02 

9.30C3CE400 

2.10651E-03 

1. 75000E*00 

6.43743E-02 

9.25000E400 

5.55798E-05 

2.  OQO  00E*'00 

9.35550E-32 

9.5000CE+00 

3.59657E-04 

2.  250  OOE^OO 

1.49965E-03 

C.7500CE400 

6.87711E-05 

2.500 JOE+00 

2.59718E-02 

1. 0 0000  = 401 

9.50836E-04 

2.753u0E^00 

1.23670E-32 

1.02500E401 

4.98506E-04 

.. 

3. 30000E«C0 

2.23148E-32 

1.05000:401 

2.14688E-04 



3. 250 JOE^OO 

2.21308E-02 

1.0  7500E401 

2.29903E-04 

3.50000E«00 

1.3C332E-32 

1.10030E401 

1.44713E-04 

3.75030E+C0 

2. 3a235£-32 

1.12500-401 

1 . 45  E63E- 04 

4. CJOOOE^OO 

4.56160E-33 

1.15000E401 

4.64477E-04 

4.  250  30£400 

8.65418E-03 

1.17500E401 

2.40031E-04 

4,  50000"40'‘ 

1.21097E-02 

1.20000E401 

3.  U073E-06 

4.  75  3 3 0E+00 

1.52A10E-C2 

1.22500E401 

3. 02853E-04 

5. 30000E4C0 

7.19764E-03 

1.25000E401 

1.01723E-34 

5. 25030E+00 

1.59955E-02 

1.27500E401 

2. 16015E-04 

3.  500'30£^00 

1.0  «350E-02 

1.30030E401 

3.54706E-04 

5.  750  3 OE  + 00 

2.90379E-03 

1.3250CE401 

5.53246E-05 

6. 30030E400 

1.05526E-32 

1.35000E401 

4. 70425E-04 

6. 250  OOEtOO 

7.72251E-03 

1.37500E401 

4.80232E-05 

6.  50000E*'30 

4.S2146E-03 

1.40000=401 

5.08429E-05 

6.75000E400 

3.92580E-C3 

1.42500=401 

8. 89348E-05 

7. jcaooE^oc 

fi.309f!4t-03 

1.45000E401 

1.90781E-06 

7,250  0bE*0  0" 

2.50710E-04 

1.47500c4Ql 

5.86671E-05 

7. 50000Et00 

4. 38257E-34 

1.50000E401 

6.32936E-07 

SPECTRAL  density  CENTROID  • V AXIS 


AMemugp-j-UMlTS*!L2/HZ 


1.02iiE-01- 

_ajJUi£=J12r_ 

9.532E-02- 


8.826E-02- 


8.12QE-02- 


7.414E-02- 


6.708E-02- 

Jb.J55£=02-- 

6.002E*02> 

S.649E-Q2- 

5.296E-02- 


4.589E-02-  ♦ 

<t.238E-n2- 

3.883E-02-  ♦ ♦♦ 


3.177E-02- 


2.471E-02- 
Z.il-8ErJlir. - 
1.765E-02- 
lx<tiZ£.-a2T  . . 
1.059E-02' 

7.  HAIL- Q 3- 
3.530E-03- 
Cj  - ^ 

0.00 


2.50 

FREQUENCY-hZ 


9.30  7.50  10.00  12.50  15.01 


l^V.0 

i 


i 


f 


spectral  density  OIG  CCRP  - X AXIS 


FRIQ  - HZ  AMP 

- LNITS**2/hZ 

FRE^  - _m2 AMP  - UNITS, 

••2.7HZ 

'2.50  0 0 0i-0'l'“ 

"3.  15353E-0  3 

7.75C00E+00 

2.C2741E-05 

5.00000E-Q1 

9.91977E-0  3 

e.OOOOOE^OO 

3.55216E-05 

7.50000E-01 

1.47023E-03 

8.25000E^00 

6.06350E-05 

1.  QQOQQE^OQ 

8.77312E-04 

8.50000E^00 

4.83874E-0fc 

1. ZSOaOE^OQ 

6.75957E-05 

8.75000E^00 

7.77341E-08 

1. SQQOQE^aQ 

3. 15375E-04 

C.OOOOOE^OO 

1.37351E-05 

1. 7500  0E*0O 

3. 33756E-05 

9.25000E^0C 

1.63553E-05 

2.  OOOOOE^OO 

l.a0046E-0  3 

9.50000E^00 

2.40895E-05 

2. 250Q0E«00 

7.57671E-04 

9.75000E»00 

7.U274E-06 

2.50000E«00 

3. 77fl09E-04 

1.0  OOOOE^Ol 

2.60403E-OE 

2.75000£*00 

2.58631E-04 

1.02500E+01 

1.51E33E-0E 

it  OOOOOE^UO 

3.94299E-04 

1.05000E*01 

1.21056E-05 

3.25000 -*00 

3.69091E-04 

1.07500E+01 

5.10  339E-0F. 

3.50000E«00 

7.95222E-04 

l.lOOOOE^Ol 

9. 12601E-0E 

3. 750 J0t»00 

5.8  1E53E-04 

1.12500E^01 

1.11149E-05 

4.00030£*00 

4.83226E-04 

1.15000Ef 01 

3.93230E-06 

4.25000£*00 

2.64590--04 

1.17500Ei01 

6.67969E-06 

4.500 JOi+CO 

9.24452E-04 

1.20000E^01 

8.:2320E-06 

4.75000£»00 

6.53256E-05 

1.22500E+01 

2.05153E-08 

5. oooonitoo 

8.92724E-04 

1.25000Ef 01 

2.E0486E-06 

5.25000E+00 

5.99326E-05 

1.27500E+01 

1.6791SE-06 

5.500JOE+00 

4.96165E-04 

1.30000E+01 

9.88587E-07 

5. 75000E»00 

2.51663E-04 

1.32500E»01 

8.53914E-0E 

e.OOOOOE^CO 

4, 1 1816E-05 

1.35000E+01 

2.39977E-0E 

6. ZSOOOE+OO 

2.15907E-04 

1.37500E+01 

4.59591E-0E 

6.50000£t00 

1.  31286E-04 

1.40000E*0l 

1.52143E-0E 

6.75000c»0fl 

1.15795E-04 

1.42500E+C1 

6.04253E-06 

7. O&O JOE+aO 

4.31358E-05 

1.45000E+01 

1.15140E-05 

7.2500C£*00 

1.21679E-04 

1.47500E»01 

4.94072E-07 

7.5C030E+L0 

4.62390E-05 

1.50000E+01 

3.P1092E-06 

SPECTRAL  DENSITY  DIG  CCRR  - X AXIS 


tMPLITUnf  - HMITS»»?/HZ 

9.920E-03-  ♦ 

9.589E-03- 
9.2SaE-03- 
6.928E-03- 
. flL.597£=01- 
8.266E-03- 
7.a36£.-01- 
7.O05E-03- 

7.27.<itrJL3- 

6.944E-03- 

. . 3E-n3-  

6.283E-03- 

5.952E-a3- 

5.621E-03- 

5»29i£rJll- 

4.960E-03- 

U.&2C.E-n3» 

4.299E-03- 

_3.968l!;JJ3- 

3.637E-03- 
. . . 1.3ILZ£rJL3-  ♦ 

2.976E-03- 


SP-FUTRSL  DENSITY  DIG  CC:5>  - y AXIS 


FREQ  - HZ  ARP 

- UNITS**2/HZ__ 

2.5C00CE-O1 
5.TJ0Q0E-Q1 
7.53bjCE-01 
1.  OOOOQE^uO 

5.5dlfllE-04 
7. 9Cga9E-04 
4.7«999E-04 
1.75749E-03 

l.ZSOOOE^OO 

2. 25930E-0  3 

1.50300' >30 

l.l5070E-a3 

1.  zsoooe'^oo 

5.a4a56E-04 

2.QOOOO£«OQ 

7. 35e2l£-04 

2.25  0 JOE* 0 0 

1.45427E-03 

2.500  OOI^QO 

1.37e50E-03 

2.750'aOE*00 

9.0r270E-05 

3.  000  0 0E»  00 

1.876‘.4E-04 

3.25000E+00 

e. 19304E-04 

3.50030;*00 

3.06577E-04 

3.75030E*00 

2.2P42aE-04 

(«.  300  3 OI  + OO 

1.5‘831E-03 

(♦.asoooi^oo 

2.42794E-04 

‘♦.SOOOOC^OO 

1.57367E-03 

•>,  750  JOE«-00 

7,0  1983E-04 

5. 3 00  3 0E>C0 

7.72555E-04 

5. 25030E+00 

5.1E402E-04 

5.500JOE+00 

2.74400E-04 

5.750  00E4-00 

3.27883'-04 

6. 30030E+00 

2.01058E-05 

6.25000E+00 

1. 00271E-04 

6,50000E*00 

4.054C5E-05 

6.75030E*00 

3. 33344E-34 

7, 300aOE>00 

H.  1 = 374'-05 

7.25030E+C0 

9.35655E-05 

7.5300  0I»  oO 

3.1 C798E-34 

piJEU  - HZ  SHP  - UNITS**2/HZ 


7.75C13  0E  + 0G 

2.93977E-C6 

a.aooooc^oo 

4.87629E-05 

8.2500CE*0C 

1.02767E-04 

B.50000E»00 

1.19066E-05 

8.750'30E*0C' 

■■  g;70  32'5E-0f 

9.0  oaooE^oo 

5 . 85  865  E-Oe 

9.25000E^00 

1, 44621E-04 

9.50000E»00 

5.48072E-0E 

9.75C0C£*00 

5.53C25E-36 

l.aOOOO'731 

4.h5  1 OZE-O'^ 

1.3  253  0l»01 

6. 6371 6 E -06 

1.0  500  0E«-01 

9. 15719E-07 

1.  j 7530E*31 

1.21487E-05 

i.iooaoEtoi 

7.9152OE-06 

1.12500E»01 

1.67954E-05 

1.15000E701 

2.28581E-0f 

l.l750a£701 

4.64841E-0E 

1.20000E701 

1. 23447F-05 

1.22500E701 

7.44006E-06 

1.25000E701 

4,61l09E-0e 

1.27500E701 

5. 76521E-06 

1.30000E*01 

1.365  C2E-06 

1.32500E701 

1.15816E-05 

1.35000E+01 

5. 38338E-0F 

1.37500E701 

3.07986E-07 

1.4000 3 E+01 

5.2iei^E-06 

1.42500£*01 

4,536696-06 

1.4500aE701 

4. 26055E-06 

1.4750CE701 

4.53337E-06 

1 . 5 0 0 a 0 z ♦ 0 1 

2.61692E-06 

SPECTRAL  DENSITY  DIG  CC<9P  - V AXIS 


2.1S4E-03- 

2.033E-03-~  ~ 
i.qsag-n3- 
l.SS3E-Q3> 
-_L.a07E=il3- 
1.732E-03- 

1.5d2E-03- 
. l^aafi£=Jl3r_- 
l.i»31E-03- 
l<356£.rAJ? 
1.280E-03- 
_1.2115£ilLl-  . 
1<13QE*03« 

l.QS<«E-Q3« 

9.790E-34- 

..  . 

6.284E-04-  * 

. Z^SLiXErJl4- . . 
6.77  «E-04- 

J^aQZJ5£r;fl4« 

5.272E-04-  ♦ 


3.766E-04- 


2.259E-04- 


7.531E-05-  ♦ 

.iLi i»-g.i-».t  1.7  ij 

0.00  2.50 

£fi£aUENCT-HZ 


♦♦  ♦♦  ♦♦  ♦ ♦ 

• fP. ♦♦♦♦♦ ♦♦♦♦♦♦♦♦♦♦♦♦ 


1 0 , n 


12.50 


SPECTRAL  JENSITV  EOG?  - > AXIS 


FRcQ  - HZ  AHP  - 

UNITS**2/HZ 

f^EQ  - HZ  AHP  - UNITS 

••2/HZ 

^z.sToo  0£-o‘r 

8.64:98E-01 

7.^5000E»00 

1.86923E-01 

5.0J0O0E-O1 

6.31549E-01 

e.OOOOOE^OO 

3. 71147E-02 

7.50000E-01 

1 .27538£*30 

8 .25000E^00 

i.01903E-01 

!•  0000  OEtQO 

1. 22835£^30 

8.50000E»OC 

2.46061E-02 

1.25Q30£^00 

1.44732E-0 1 

e.75000E»30 

1.83508E-02 

ItSOQjOc^'OO 

1.275^4ii-01 

9.03000E^3C 

1.07947E-03 

1.750  JOt^OO 

3.  I9040e;-0  1 

9.2500U£»00 

4.58002E-03 

2. OOOOOE^OO 

1.4C086£-01 

9.50000E»00 

1.09591E-02 

2.25000£«QO 

4. 79735E-0 1 

9.75000E*30 

1.25807P.*02 

2.SOOOOE^OO 

1.29142E^30 

1.0  OOOUE^Ol 

2.38747E-02 

2.750  UOE  + 00 

1 . 74644t-0 1 

1.0250CE»D1 

4.57875E-03 

3. 000  OOE^OO 

1.54583£^30 

1.05000E?  01 

1. 30459E-04 

3.25000£*00 

6.59242E-01 

1.07530E»01 

7.99627E-03 

3.50000c^00 

1.84656E-01 

i.iaoooE>ci 

2.97030E-03 

3.75030E+00 

2.68499E-31 

1.12500E*01 

3.01009E-03 

4.000002^00 

2.49009E-01 

1.15000E»01 

1.35271E-02 

4.25C00E+00 

7.9ei96£-01 

i.l?500E»0'l 

2.08485E-03 

4.50000£>00 

2.84951^-01 

1.20000E^01 

1.30843E-02 

A.75000£«00 

1.61440E-01 

1.22500£*01 

2.93942E-03 

5. OOOOOE^CO 

1.54199E+03 

1.25000E«01 

2.38728E-05 

5.25000£'*'G3 

3.35546E-02 

1,27500E»01 

2.74109E-03 

5.500  OOt^OO 

6.02968E-01 

1.30000E»01 

2.67250E-03 

5.75000£+03 

6. 35039E-02 

1.32560£*01 

3.47300E-03 

6.  000  30ct00 

1.37733E-01 

1.3500Q£^01 

1.24994E-04 

6.25030c^00 

6.25553E-02 

1.37500£»01 

3.72298E-0  3 

6.500  OOE^OQ 

3.6E046E-01 

l.LOOOOE^Ol 

8.48334E-03 

6.75000C+00 

3.69487E-02 

1.42500E^01 

2.50C55E-03 

7.00000£«0U 

5.96228E-01 

1.45000E»01 

2.05384E-03 

7.250  00£*00 

1.2  2311E-3 1 

1.47500E»01 

1.14E82E-02 

7.50300E+00 

3.4eE53E-02 

1.50000£t01 

2.16399E-02 

I 


L- 


SPECTRAL  OENSITr  EOGE  - X AXIS 


ft^CTTimP  - HNTTS»*?/HZ 

t.546E»giL= 

1.494E+00- 

< .h«i3E»Q0" - 

l,391E+00- 

i .3onF*nn- 

i.288E4'00> 

UZ1I£*l0-0-- 

i.l85E^00> 

1.1  n.F»nil-  ■ 

1,082E^00- 
1 .niiE»nO-  . 

9.790E-01- 
9.275E-01" 
8.760E-01'  " 

. B.24HE-Q1- 
7.729E-01- 
7.214E-01- 
6.699E-01- 
6.i93E-0l- 
5.668E-01- 
5.153E-01- 

H. 637E-01- 

iL..l22£.-01- 

3.f07E-01- 
_3,a92£-UL- 
2.576E-01- 
2iQ6I£-0i- 

I. 546E-01- 

. l.QSlLrlllT. 

5.153E-02- 
0.  - - -♦ 

0. 


♦♦ 


0 0 


2.50 

FREQUENCr-HZ 


♦ ♦ 

I • > • • • I 

5.30 


♦ ♦ 
♦ ♦ 

» . X . . t 

7.50 


10.00  12.50 


♦ ♦♦♦♦♦♦ 

15.00 


SPECTRAL  OENSITY  EOG£  - Y AXIS 


FRcQ  - HZ  AMP  - UN1TS**2/HZ 


2.50000£-01 
5.000Q0Z-01 
>.500aCE-Cl 
1.  0000  0£»00 
1.2500b£+00 
l.SQOaOE^OO 
1.75030E+00 

2.  aooaoi^oo 

2.25000E^00 
2.5_0^3  0E^O_ 
2.>500QE*a0 
3.00Qa0£«Q0 
■^3.'250  3 0£  + 00 
J.50000E+0Q 
3/75000E  + C0 

4.  OOJOOE+CO 

T.'zsoqoeVo'o 

_h.500  3J£*00 
4.7500dE*00 

5.  OQ030E+00 
5.2500dE+C0 
5.50030E*00 
5.75300Et0'd 

6. aaaoo£^oa 

6.25dOOE«bO 
6.J30  00Ettj0 
*6".  75 0 0 Ot *0  0 
7.0J0 J0E*00 
7.25000E+00 
Y.53000E*C0 


3.24020E-34 
2.587Y0t-05 
4.73217E-03 
^.2_854_0E-a  3 
9.036866-03 
3.44354E-03 
1.35714E-03 
8.29794E-04 
2.23876t-02 
_2.217^63E-0J 
1.0  30 3 at -0  2' 
2.01075E-02 
6.86794E-0  3 
3.79064E-0  3 
7.11589E-Q3 
5.17510E-03 
5.'l7gi7E-0  3" 
1.96454E-02 
1.  35403E-02 
7.73049E-03 
1.08576E-02 
1.28544E-04 
2.6  2102E-0  3 
1.  33945E-0  3 
5.25039':-04 
2.4P175E-03 
3.5  8317E-3  3 
1.046156-03 
-2.'0  0 213E-d'3'‘ 
1. 30473E-0  3 


HZ  AMP  - LNITS**2/HZ 


7.75000E+00 

a.0  0 00  0E«'00 

B.25030E«-00 

8.50000E«'00 

8.75dOOE^OC 

9.3  00'30E«'00 

9.25000E«'00 

9.50000E*00 

9.75000E«’00 

1.0  0000E«'01 

Y.'0‘25  0 0E*dl' 

1.35000E«'01 

1.0750  OE^Ol 

l.lOOOOE^Ol 

l.lZSOOE^Ol 

1.15000E»01 

1.17'500E«’01“ 

1.2  0 000E*’01 

1.225'0dE«-0l 

1.25000E«-01 

1.2  750  0E«-bl 

1.3  0_0qj)E«’0l 
i.-jzsodE^di 
1.35000E«’01 
1.37500E4-01 
1.40000E«’01 
1.42500E«-01 
1.45000E«-01 
l'.'4'75dbc«-dl 
1.5000CE«’01 


2.02015E-03 

1.76474E-03 

1.19317E-03 

1.10613E-03 

1.6497YE-04 

7.20304E-04 

7.67906E-04 

1.J0  744E-04 

1.32915E-04' 

1.799456-^4 

i.'l7^389£'^04 

1.77655E-04 

1. 852276-04 

1.39769E-04 

2.264866-04 

5.905216-05 

4Td5094E-O5 

4.313206-05 

1.227126-04 

7.206826-06 

1.36 8 76 6-0 4 

1.347766-04 

i.dee'dbE-oV 

3.006O6E-O4 
1.395936-04 
7.355656-05 
7.824976-05 
6. 534646-05 
‘4.734916-04 
8.460096-07 


I 


■ I 


SPECTRAL  OEMSITY  EOGt  - Y AXIS 


! I 


I ! 


AHPLIIUQ£  r 


2.g3qE-D2- 


±*.-. 


2.164E* 

2.nqQE- 


2.016E< 

i.qucE- 


02- 

02- 

02- 


1.866E- 

i.yqiE- 


02- 

02- 


1.716E- 

_l*iik2E; 


02- 

il2--_ 


1.567E* 


02- 

J12=_ 


1.418E* 

.li.343£* 

1.269E- 

1.119E* 


9.701E 
JU<i55L- 
8.209E 
7.463E 
6.716E 
5.9701 
5.224E 
4.478E 
3.731E 
2.985E 
2.239E 
l.«»93E 
7.-.63E 
C t 


-02- 
•J.2- 
>02- 
•J2-. 
-02- 
l02-  .. 
•03- 
-03- 
•03- 
•03- 
•03- 
-03- 
•03- 
-03- 
-03- 
-03- 
•03- 
-03- 
• 04- 
-♦  ♦ 
J.  0 


♦ ♦ ♦ 

«.  ♦ ♦ ♦♦ 

« ♦ ♦ ♦ tt  ♦ ♦ 

0 2.50  5.00  7.50  10.00  12.50 

FREQUENCY-HZ 


15.00 


255/256 


is 


J- -ait. 


^ > U ^ ^ 9 «U  o iT  OJ 

«■  a «jciuKkKkr\/f\i<<}o«^9Kko«oa>«> 


* a I ^ 
« a I 

* UJ 

* 


rvtfvt^  I f^fMA^rvi 

III  I • • • 


f«  t -4>  9 u • a.  «r  «L  (T  tr  y tu  i c?f«> 

u <4jo9r^rif*'«. 

o««************* 

Q ^ I g • r\ior^ 

«••!•••• 


fo '43  rvi  kn  cu  ^ o m >4>(^  rvi  Lf  I 


□1  ^ 

»x  *•••••••••••••• 

u ivf*i*^^tvf\it»»  u»n^ 

UJII  llllll  til 


«>  Q ^4)C'K<9tr  '4>00'4’«^aK)0‘'C 

gi  0 ••••••••••••••• 

•*  ^ I It  •“•*!<!»- 

* U I I 

* 

w n 


r\Mi  loj  r^  ofn'4)V'ivaitX) 


c 00^>4»K>a  H'lril  *-11.1*1^— '^JK* 

ir  c c.  Hit.  •-'iL  •“  ^ fvyfv^vy. 

LC  •#•••••••••••••• 

Ujc: 1^1  I <v 

It  I I It  I 

> 


aco  ^tfcx^or^tfcHy-aa^-tt 

a •••••••••••••••• 

tuc  I I fV  I CVKifV' 

I I III 

X 


X C-Kl-Ctr  I wU'Ct  '-a  r-OKl43 

a 


260 


fin 


TRiCKTNC  RUN  NO.  82 


y CI^'8N8tCN  ■ 16 

LCt^'TFii'i.  _ y_CENTER  ■ S2 


X dimenisjcn  ■ 16 

X CtN'TFB  • UP  .5. 

PRINTCUT  EVFPy  RR  FRAFF8 

7r*!f8  SkIfPeJ*  frame?  FRCCESSFr 


INPUT  FROM  LNIT  1 
0 FRAMF8  SKIPPED* 

FREOUENCT  ■ 30.00 

5 INPUT  BIT?  19E0_ 

icALOF  I ^ <i.e0^^  ^ 9FACX  ■ S*2®*oAr  ® 

AUTOMATIC  TMftsSMCLn  U8EC  PCR  FBGE  TRACKPP 
LINIAR  PRCCF99INC  ^CR^CCRR|L*TlCN  JRACKFO 

Sorrel ATicN  mptmco  **  sum  cf  ais  values 

LINEAR  pJcCESSING^A^CvI^^MRESmCLC  CF  - P?  FCR  CENTRCIC  T?*‘ACKER 


S.OO 


CENTROID 

- X AXT? 

GAIN 

a 

.BOtiRO 

— 

CENTROID 

• y AXIS 

gain 

a 

.80252 

DIG  CORR 

- X AXT? 

G A I N 

a 

1 .OOoOC 

dig  dorr 

• y AXT? 

gain 

a 

l.OOfiOC 

— . 

EDGE  • X 

AXIS 

GAIN 

a 

.63781 

EDGE  - Y 

AVIS 

C-AIN 

a 

.R«755 

sample  no.  as  PLN  MO.  Ml 

INPUT  PXtTUPE  tt  OFFSET  ■ -If  V OFFSET  ■ 


INPUT  DATA  niVlCEC  BY  2 


263 


sample  kb.  Lp  PLK  mC,  p? 

OCT  Tk.  ^KFR  TKPLT  BATA 


IKPUT  DATA  eiVTCFC  BY  ? 


7fcS5l  .13^5''7666S5B55u“^3<l|j3« 

l2h:ih?Muh  n *2 


T 
A 

e 8 

i s 

f I 


II 


3 

9 

6 

5 

a 

6 
5 

f 


i ! i 


I 


7 

8 
6 

7 

8 
8 
8 
f 


If : I 


3 
2 
1 ? 


i : i i I 


. i 

I i p 


i { i 


A 

8 

8 

7 

7 

8 
A 
8 
8 
7 

A 

A 

q 

E 

3 

I 

S 

X 

I 


1 1 1 


I ? 

7 7 


I ! I 


5 

5 

5 

3 

5 

3 

5 

B 

3 

5 

3 

3 

B 

5 

3 

8 

5 
3 
3 
8 
8 
3 

6 

a 

5 

6 
3 
8 
8 


: I 


’ 5 


i i 


rr 


m 


it 


l!| 

. « • t • 

liill 


f I f 


o 


II 


a 


2 

W 


Q 

U. 


c 


I 

a 


Ql 

X 


ac 

a 

o 

o 


009*  o 

fvrvif^^^c^rv«^fvr*iif  fv 
f>irvf\irvrvr«f\i»nirif^  ifitf'iri'4)« 
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S5»E-e2 

SP«p>fl2 

5l»E-«2 

Tjflp-e? 

fapp.n* 

I««p>n2 

eo2P-e| 

aiSp-el 

tlEP-sl 

«|PP-8I 

i«2P-e2 


SPECTRAL  TFASTTv  ECCE  • * ATI? 
PREC  • A»P  * LviT8»»2/>'2 


FrpC  • H2  AMP  • LAITS**Z/*-Z 


5.086e«E»d 
7.!0Pn«E-f t 
1 .P0P8oF*en 
1 .|58flPF*ft8 
1.5P8BPFA88 

I. 7!n88FAeP 
{•88888FAeP 
itlS8B8F*f 8 
z.seoftftpAoe 
2.7?nn8F*88 

J.  688887*88 
5.258887*88 
S.566B8P*86 
5.758887*88 
0.888887*88 
0.258887*68 
0.588887*88 
0.75888F*88 
5.086687*88 
5.258887*88 
5.566887*86 
5.758687*88 
0.866887*8  6 
0.256887*68 
0.568687*6" 
0.758887*86 
7.6e6687*68 
7.256687*88 
7.568687*88 


t,507887»62 

7.217267-62 

2. 381737-62 

1 Il  28517-61 

l.«.3e?67-61 

ol747l2E-62 

P.218577-83 

3.1*6387-82 

7.b7o*37-63 

3.536177-63 

7.312287-83 

1.830257-62 

1.12*077-82 

2.61*287-83 

2.502687-62 

3.67|68E-82 

2.507807-62 

2;i98767-62 

1.129S0E-6Z 

3.273561-63 

2.71<69E-63 

3.378967-62 

8.872617-62 

2.80561|-8| 

3.822107-05 

2:226^7-62 


7.750687*66 
7.000087*00 
2.2506eE*66 
7 .■00007*06 
7.750667*86 
9.806667*66 
9.250067*66 
9.500007*60 
9.750667*68 
1 .80006E*01 
1.625667*61 
1.630687*61 
lleTSOOEAPPl 

1 .280067*61 

l:lp6§?l:Sl 

;:!r6§§l:§l 

1.12*607*61 
1 .55eoeE*oi 
1 .17*667*61 


1 .500067*01 


6.691827-63 

1.65t2?E-63 

}:  sroll:?? 

i.iaeejE-oj 

1.25172E-63 

ziEZeOfcF-Cu 

a.662l9E-63 

3.231657-63 

I:?ll2?|:g!i 

1.256667-63 
7.8SE05E-C9 
1 .75C0|E“03 


i:6«C227-63 

I: 


♦♦♦♦♦ 


F»e<5U 


I 


spectral  rPASTTV  FCGE  » V AXIS 


FREC  - R7 


AKR  - LMIT8FF2/PI 


FSFC  - HZ 


AHP  . LNIT8**2/H2 


SOOnPF-n) 
0006flF-fl 1 
SononF-fj 
5090flE+on 
250(inF*flft 
SOOBAFAfl  n 
7§eaftP*fl9 

2!08nF*eP 

50eo9F*fln 

T5oenF*fln 

00980FT89 

258enFA98 

58eertF+ef 

T?888F*88 

8e989F*B8 

|5888F4B8 

SBBBBFaBO 

T509«F*flB 

BBBBBFFefl 

2!9flBFA9fl 

feeeBFtBB 

758flflFT6fl 

0BB8BFA68 

258eflF*Bfi 

!8888F*eO 

758flflf*BB 

BBBBBFaBB 

|988ftF*66 

FBBeBFAflB 


1.52ie7E-85 
1 .77«21E-B2 
«.P7(i22E-82 
7.1BJ22E-8F 
S.58875E-82 
?.U2«8SF>82 

2. B2S32E-02 
1.22RRiE*02 
S.ilS414E-e<l 
1 .U«U7E»83 
1 .73R«1E-C3 

1. *«7ele»B2 

3. «1^82E>82 
1 .R88«7E-fli 
1 .a9839F-e3 
2,ia9MF-fl« 
1 .19«9«E-83 
9.Fa8aiE«B3 
t .Bt3a2E-B2 
t.ue25tE-83 
1 .3iBAa|>'83 
6.979721-83 
7.S3B77E-C3 

2. aB26EE-83 
t ,fl2l77E-9U 
t.6ttl24E-83 
t.l7938E-83 
2.28996E-83 

1. h§fl3E-C3 

2. R26!iE-86 


T,75e8eE*88 

F.e0808E-ea 

E.2380eEA88 

E.*98e8EAeB 

8. ^98888*88 

9, r888BE*88 
9.^58888*88 
9.58888E*88 
9.T5888E*88 

•COOCCE^Ol 
.C258BE*81 
.?5888E*ei 
.c7588E*81 
.l8aC8E*81 
.|2988F*8J 
. 1 Ju8flE*8i 
.175888*81 
.Z8888E*81 
.Z|588E*81 
.2S888E*81 
.275888*81 
.|c98eE*81 
.!25B8E*B1 
.358888*81 
.S7588E*81 
.a08B88*81 
.425888*81 
.«5e8BE*81 
.47588E*B1 
.588888*81 


2.C9COJ 

1 .<8775 


Lc6ci9E-P3 

2.e6Ca3E-85 

Ie-89 

JE-Ca 
5E-33 
.-..je-aa 
3.6a92iE-8a 
6.73368E-84 
R. 636515-86 
3.8e575E-0a 
5.166818-05 
a.9a708E-6a 
i.e52oaE-63 
1 ,91956F-ea 
3.366178-84 
2.793liE-84 
2.353928-85 
2.388918-84 
8.698638-86 
3.231868-84 

T^UeasE-es 

5.755858-84 

2.659898-84 

1.871918-85 

0.45983E-85 

a.25887F-8* 
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I j I ^ Kjm  ■ 


CDC  6600  CSP  Printout  Ul 

Reference  Program:  Processing  of  TV  data  run  no.  1 (same 

frames  of  imagery  as  data  run  no.  4 shown 
in  Appendix  IV) 

Tracking  Program:  Run  no.  84  using  above  referenced  data 


BISXTAL  CCRBFLATICN  TRACKER  - REREREMflKS  RROGRAK 


NC  TAR6Ef  COORCIK 
UTRLT  CRTICK  18  I 

8T  ......KEG 


CcCbcikitE  FPSnc  4MLVSIS 


♦ o»««*««****»**»*»*************** 

# B • K>tO*n  I 

• or  •#••  ttt  titt  titttittitiiitt 

* tii 


• 

* ^o«^o«jo«^4rcmm 

* a ^9  • • 

» Bi  • 


• x 
» 

» m'«;9‘nMri«i^7r«>om<4>cr(w>«>^9r*>om«9‘aMPw«^7r»of^ 

» M 
•-  •-• 

••  a 

* ^ 


• cr  o<r  9 wr^KiKt«jm9«icr«>v«)«j^^*^9m«>cuB  9i*>K«^«otn'4>9 

» a •••••••••••••••••••••••••••••••• 

• UC  t • I ff^**l««C\l 

« UJ  1 ••••#•■•1  Itll 


* 

• a:  ^r\j9oo 

• a •••••••••••••#•••••••••••••••••• 

9 U.  I ^ • • — 

• 

• M 
» 

* 

* iMtf  io;«>f9T^ofr><4itrtuif»«u^9r>^offn<4NrvMtf> 


» a 
• ^ 
» 

oo  « 

OG  * 

• • * 

r\iiu  • 

9 9 « 


O 

L>G9«o<<ur>Ga;a;9i*>cr  (r>KHn«^9  oo^o. 9 -4>9  9 cr  «i. 9 9 •-•m— I/' 
at  o9'«Gf\iCKiaj9  K>cr  miooKHro«9 «-*»n9 9«'r^«;r^ 

tt  ••«••••••••••••••••••••••••••••• 

IA.C  I I K\KtfV.f^w««rCN«f\.p'«t^AjK)  • «-«  -«9«^9irf^9  9 9f^9'^fMr9 

• •!■••••••••  • •••••«••••••• 

> 


O 


CJ 


«>  a 

» l«G9PN9ir  9^«  ^ «0  9 •-’••MT 

«.  a G9«-*9«Gc«'«.a  V -cv  c ^vpir^^Gir  9i^oMir^i^^Gir««. 


lfciG< 

M 


X pH»9  r-o»n  Aiin®  •^9r«*oinwi»»^  -*9r^  Gtn-4»»^  non«  •-*9 

& 

j: 
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BEST  AVAILABLE  COPY 


IIGNAL/^Cl*r  nETE»KI^*TIC^ 


sample 


8T6KAL 

IPVEL 


a. 11 

i:H 


1 M.2S  jj.l 

^ >]:  1 

0 ••*21  2 j 

§ . je.S! 

1 l!:<e 

f ft. 11  3*1 

« fl.lT  5.1 

PESULTAKT  STfiK*L/M91SE  ■ 


1.A16 


>-ir 

CD  \ 

< ) 1 , 

■ i 

-J  i 

cr.:j  ' 


i V.'-’l  .: 

f L-'.J  -I 

rcD,  J 
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I 


TR^CKIVR  RUN  NO. 


RRIKTCLIT  FVfRY  RR  RRAKE8 
INPUT  FRTM  UNIT 


INPUT  FRTM  UNIT  1 
0 RR4YF8  SFIPPPO* 
FREOUFNCV  ■ SO, 00 
5 INPUT  PITS  U8EC 
fC0LP8  ■ 0 ICFF 
8CAL0F  ■ (l.CO 
AUTCM4TTC  Twfi|8NCLC 


RT  FRAFES  FPCCE88Fr 


CF  APS  VAUUE! 
[fRESfCLC  fF  - 


prACY  ■ 5*00 


50  ^CR  CENTRCIC  tracker 


CENTRCIC 

• X AXT8 

GAIN 

■ 

•AOaO! 

— 

CENTRCIC 

- Y AXT8 

gain 

■ 

,R1?A! 

016  CORR 

- X AXIS 

gain 

■ 

i.eoeoc 

DIG  CCRR 

- V AXIS 

GAIN 

B 

1 .OOoOf 

— 

edge  - X 

AXT8 

GAIN 

8 

• ASj  OA 

EDGE  • Y 

AXIS 

gain 

8 

.T3?6C 

Jtm ^-WHiPMPPPiiiiiippiiiMlPPinM 


^ - 
I 

I 

L 

i-' 

I 

lAMPLf  NO.  P*  PLN  ’NO.  Bil 

E — INPUT  PICTDBf  h 0PP8KT  » -1#  Y CPF8ET  ■ -o 

INPUT  CAT*  CTVICPC  8Y  2 


3AHPlE  ko. 


P-K  ^!C.  fii 


VlCEC  _.,APIFM8 


IKPIT  CAT!  riViCFC  BV  ? 
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sample  kc.  nt  <»lk  ^c.  fti 
CCT  T>  .KE*  IK^l.T  DATA 
INPUT  DATA  CTVICEC  §Y  2 


: s u : 1 1 1 


t 

6 

h 

t> 

5 

a 

a 

u 


A 

2 


I 2 


i lilMj 

n n « 


» 

f 

A 6 A 4 A II 

4 A 5 4 I 4 

5 ? A 4 3 s 
I S A 4 S 4 

iHilU 


S 4 4 


4 4 A 4 

S99A45SS 
|;|E44S4 

niii  i 

11333354 

13222333 

i3T§t213 


3 3 3 3 
? 3 2 3 3 


3 1 

I 2 ! 2 1 2 

nin  I 

n ! n i ? 5 


4 
3 
3 

5 
A 

1 

3 

3 

3 

3 

2 
2 
1 


1112  2 112  11 

I illllM:! 
? 1 I 3 M 2 . . I 


3 12  2 1 


’ i 1 2 ? M I M 

f I i i I i 

’ - ‘ ■ 12  2" 
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THlCKlMG  FBRrRS 


CEkTBCIC  - t 

^.33liP  ?.7(inF 

.’551  3.27U1 

f.55«l  j.ffiJI 
,«3*2  3. BAR* 

.221?  3.BSR; 
i.)U*4  U,UU9f 


centoctc  - y 

-.2ufl7  -,2t?7 

-.fc7F«  -I.SflO? 
•.033«  .B2BR 
.«i»g  .IPfiF 
.17^7  .5BRR 

.78fce  .R77? 
.32BS 

• .2A*r 

.13F0  -aUfcr 

DIG  eCBB  • y 

t.37q? 

).}?33  ?.PRT7 
l.eOBO  .BBF> 
l.EbRS  1.R6F1 
1.7213  i.Ffcru 
2.10^5  2.1flei 
2,17ir 

1.7  6M  I.Biir 


1 .37qi 

1 .}233 

1 .eOBO 

1 .ebR5 

I .fi6?0 

1 .7bM 

l.‘»‘>71 


*y  T« 

-.71UB 
1 .FE47 
1 .»bR3 

3 . biiRB 
3.F7B7 
3.PP8B 

2.F26F 

*y  T? 

-1  .iipoe 

Ml 

• fltBB 

- .«<if>2 

1 .(^231 
.7«fe5 
.RR37 

i*  T' 

- . ?4«1 
1 .*23? 
1 .77Bl 

1 . 

?.*'12 

1 .7C71 

1 .«b<>e 
' .’t Ji 

1 .7M? 


. 1 7 0 
.R?Ob 
3.<’5Cf 
P.bBPI 
3.uc5r 

*.iii72 
2.2B»'7 
3.;?E7 
1 .B33C 


• l>'3? 
-,PB77 

. 1 2fc? 

• B70C 
.7«-B«f 
.B^i  e 
.1FP3 

1 .<il?2 


.pr3B 
1 .M?3 
1 .M3^ 
1 .*rb1 
3.'*?Pb 
1 .37P* 
1.7238 

1 .?m; 
1 .«r2c 

1 .71»7 


■AMi  •:15!: 


2.5«:7F 

l.8Bfc8 

l:in\ 

hm 

him 


-.2274 
1 .2b17 
,BpC4 
.li5f 
-.6fl73 

•I‘=2£ 

.3?'>2 
- .B427 

.U}( 
.fcf  U 


-.08?? 

1 .171? 

. B 1 1 B 
1 .Boir 
1 .E*7b 
i.687e 
^.Otp 
1 .e88> 
1 .54?* 


3.0B2R 

3.20PB 

3.0iibf 

3. BBb1 
3.05H 

1. |eBi« 

4. |*2R 

2. ^231“ 


.tC7; 

.Btoi 


.n#8ti 

.132* 

.4b?c 

:5J!1 


.2'cc 

1 .4871 
P.28ri 
1 .3071 
1 .glRe 
1 .8t4e 
1.8*44 
1 .tC8* 
2.0327 
1 .B22C 


.8038 
1 .788? 
?.C7?8 
3.178= 
3.4047 
3.4211 

3.B347 
3.21Bf 


.B  = 7B 

2.1*6= 

2.B831 
3.3424 

2.B*P8 
3.5?77 

2.B422 
3.6787 
3.8747 


.71  If  -1.4f  11 
.*4Pf  *.3?14 


:?44= 

-.1864 

-.Bfc66 

.074? 


.7178 


.7388 

1.3147 

1.£2B7 

1 . Bl2f 
1 .1 8C1 
1 .66?4 
2.044? 

2. CB84 


-.1727 
.471  1 


.38*6  -.1130 

.0=;)  .538? 


.0?B2 


.7174 

1.362' 

1.1*27 

1.871? 

l.6*B8 

2.0287 

2.0770 

1.8fe8= 

h086? 


.414*. 
2.1B21 
2 .44B7 
3.0641 
3.67P2 
*.1834 
|.**6* 
3.0714 
*.2?B= 


2.0816 
.443* 
-.581? 
• .1444 
-.5484 
.412? 
.162? 
-.432? 
-.33P6 


1.1447 
1 ,3700 
1.1840 
1 .4887 

1 .460  = 
1 .6*6P 
2.lfP6 
2.122? 
2.0=01 


.6771 
1.4605 
2.375* 
3. 2466 
2. 8455 
3.22P4 
3.1412 
3.1155 
3.1*7* 


- .0473 
.5776 
-.2464 
.2103 
.4*04 
- .4*52 
.6244 
.571* 
.4225 


1.2086 
1 .4442 
1.2845 
2.04=7 
1.4524 
1.47bB 
1.6431 
1.8885 
1.8C3B 


3717 

'•.4710 

.4*28 

3236 

1 .*6*8 

.4424 

7478 

.111  = 

1 .8*58 

6168 

.2180 

.685? 

ll8l 

-.14*1 

- .7714 

1S*4 

.3*80 

.‘■782 

11*7 

-.187= 

.4  = 72 

4«?1 

-.434? 

-.1688 

752? 

-.7740 

-.7177 

4773 

-,==*7 

-.664* 

edge 

- X *XTS 

46  = 5 

-1  .28=7 

-?.S=»7 

5140 

.76*7 

-2.848* 

C • t t W U 

7.0360 

4.4288 

7.1584 

7.7J37 

7.4U1? 

7.76*1 

7.8421 

EDGE 

>1.41*4 

3.35*4 

.4240 

2.2402 

1.4775 

1.8741 

3.6143 

2.0bPl 

1.6414 


4.84=* 
6.4787 
6.74*6 
6.1048 
7.0124 
7.4724 
8 , 1 7*4 
10.841? 

- V iVT* 
-.71*8 

1 . = 61  r 

2.7047 

2.6427 

2.4727 

.*?*6 

.2=26 

2.0274 

3.22M 

.08b8 


6.2=8= 

6.6?45 

6.76^1 

8.er?p 

P.474P 

7.7163 

e.=4?4 

6.87=6 


- .=P8= 
.7720 
-.873c 
1 ."i'E 

2.4407 

- . 1 P76 
3.  <*0  24 
2.7110 
2.1681 
*.*76? 


.*78? 
.3.==7 1 
. 4068 
.46  1 * 
-.1*66 
-.8487 
.1=64 
-.2871 
-.68=8 
- .74  = = 


-1  .»763 
.=  143 
18.881  1 
».t?3= 
8 . i'  0 6 6 
5.1077 
=.1624 
4.6424 
8.  18'7 
=.•744 


-1  .*88? 
3 .53*? 
1.1482 
1 . 2744 
3.0778 

4.74?7 

3.  = 777 

3.B808 

3.?44? 
3.86=8 


«.08?P 

.5f8C 
.3781 
.0108 
- .1*6? 
- , 0 1 0 1 
. l7Pi 
-.0?2* 
-.6001 
-.==04 


1 .8l5t 
.5788 
6.|?*2 
5.6726 
7.4464 
18.33=0 

8.4?17 

4.583? 

7.4<j07 

7.6400 


.17  = = 
.«2l? 
.7317 
-.33»7 
.0244 
- , 0 ? 4 * 
-.0=7* 
-.2674 
-.77*7 
-.544; 


-1  .677* 
.2284 
7.04*? 
6.0244 
7.4??? 
7.8448 
7.08=8 
4.118* 
10.2087 

7.4*66 


- .4*7* 
1.683c 
2.1047 
2.4368 
1 .7408 
3.3724 
2.0?7? 

.4?4i 

3.064P 

4.0i67 


- 1 .28 *s 
-.476? 
.166? 
7.4271 
2.468, 

2.32=4 

3.0287 

2.036* 

.4021 

2.3070 


■.0062 
.6406 
.7420 
'.1326 
. 0740 
-.872= 
.306  1 
. .4707 
-.7364 


4.781? 

=.*47? 

8.105? 

7.8=81 

7.564P 

7.7461 

4.5601 

8.177* 

6.28=7 


-j4*41 

.244? 

1.4386 

1.5346 

2.604? 

3.4168 

> ‘Z?"' 

1 .6438 
3.7  = 8f 


-.1341 
-.*148 
.1427 
.5836 
-.165* 
.*65  = 
.1620 
-.460* 
-.4?2l 


3.8284 
I .4648 
5.8745 
6.20=8 
6.5440 
4,0324 
6,08=3 
lC.6314 
6.312* 


-.=446 
1 .5=88 
1.5424 
.6318 
2.4284 
2.28?P 
1.6111 
1.5140 
1.2014 


.3610 
. 3 07  1 
.4024 

.34?* 
.0156 
.3522 
' .477= 
.5??2 
'.6166 


.2587 

4,7663 

7.144= 

7.4741 

8.3674 

8.6703 

6 .|P*0 
7.586? 


■2.3P63 
2.04=6 
l.4?Pfl 
1 .5441 
.4781 
2.0668 
2.3362 
.5261 
2.6137 


-.0682 

-.0780 

.6533 

.1436 

-.0306 

.0714 

-.1244 

-.5675 

-.6646 


2.0655 
5.537* 
6.0143 
7.0481 
7.754? 
7.4157 
10.1=46 
4 .4= ue 
4,4=37 


-.0374 
2.4687 
.7  = 70 
2.4t55 
2.74bC 


^iLTEflfC  T#*n<FB  C*T* 


CEKTB' 

C.OOOO 

.106C 

.Jujo 
• S2<« 
.«l50 

:i:si 

.io«t 

l:!)n 


- X 

\,nrfi 

?.2?(kF 

5.5E»ij 

?.*?«« 

J.liJF* 

3.27P? 

3.«E<r 


cemtbctc  - y 

■0000  n.nnnr 


•:  HI 

.I«<I0 

.<•55! 

CIG  f 
0 *000  0 

\:hll 

h|gj* 

i,|e7« 

\:\IU 


C|{, 

e.oofte 

'Ml 

.ouie 


e.OOfie  o.ri'rr 
uigje 


•Oil 

.0038 

■.ncFt 

::Uf§ 

EDGE 
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1 .P5PP6F-P1 
F.72257F-01 
2.7«730E-P1 
1 .*.?7C2F.P1 
ti.fl5735F-02 
1 ,7(-5t0F-P1 
1 .27<35E..P1 
1 .F35fc3F-01 
1, a P.  3255-01 
1 ,?§criF-P2 
e,ni*57F*-Pe 
1 ,«(lFtOE-e2 
F.P7r55E-P2 
u.351 5PE-02 
».u5555|-03 
c . 1 fepe5i-03 
3. 3CI*5E-02 
u .•«^aeF-02 
?,S«555F-P3 
3.F.525FE-02 


,75POPF*OP 
.PPPOCE+PP 
. ?5000E*OP 
.cPOnpE+PC 
.750P0E7CP 

.porocE*oc 
,25oeoE*r.c 
: .FOOCCE  + tm 
1.7500CE*CC 

.roeoee*n 

,f|5C«4C1 

,r|ccfE*ei 
,f  MoeE*n 

:!iau:r. 

.;ocofF*ot 

.2|5P0E*Ct 

.£‘ccrl*f 1 
.;?50pE*ci 
.30cocF-*ei 

.3|?fP5*Cl 

,375Cel»M 

,uOOOCE*01 

,<i2500E*Ol 


<i|6ooE*ci 
<|7500E' 


. JOOE  + Cl 
,5000CF*C1 


< .38F15E-CJ 

72eF-c! 


F,7fc7--.  ,, 


B,M36tE-C3 

P,C055EE-C<» 

o,3ei33E-C3 

§.C21fc7E-C3 


J:U5|U:S1 

’•--xll-e? 


1 .S0tScE-C2 

1 ,52Fe3E-P2 


U.765U5E-C; 

1 ,caC7cl-C| 
6.<i5aa(iE-c| 
?.t2c5tE-c5 
2.33151E-C3 

I .PU*S7f-Cj 


mm 


- 


SPFCTfiU  PKiktTTy  rrr-f  . y 


**'Pl1T  > ( K 

5.3(iiF«^r-  * 

a.eoTP^flf- 

«,8P«p*?r- 

3,73<r«8r. 
3.5<^1P*Afl- 
3«391P«80- 
3t|p«F*8C« 
St9?TP«A8« 
(,i8<P«8r> 
2.t7lP«AA-  * 
i««PSF*Afl- 
i,3l«P*rfl« 
2.iS9F*rc-  ♦ 
i,9«pp*Af« 


l,*0?p* Afi- 
j ,8?iiP«r^« 
l,2flfP>Ar- 
i .OfcPP^rr- 
I.^OjF-M- 
l.lPJF-r  1- 
5.3«lF-f J- 
3.59iF-ei- 

i.TPflF.M- 


♦ ♦ 

* 

♦ ♦ ♦ 


r.nr  2,«c  5,ec 

FBf:LFkcy-i-7 


5HFCT5»l  rrCF  • V *''1^ 

PBFC  . w7  iwp  - ln1T$**2/^2 


2 .500nrp-r 1 
V.  '•oeprP-ci 
7,'50eft"l'-M 
l.oerp^tP*!*!' 

I .2*f'prP*rr 

itSPOerF^fT 

I I 7 « 9 0 F • r f' 
2 . 0 p n r f' f * p •' 
g.aspppF^r* 
2 , ? 0 P P P * P I' 
P .7«PPPF*P'' 
I.PCPPPf*'*^ 
|.?50PPF*'*e 


S.SOPepF^cp 
!.7«OPP»*P(* 
ii.POPf  PF^Pfl 
<i.?5CPP'*rP 
BtlCPOPf  + f'' 
u,75flO«F«<'^ 
‘•OOPPPF^Pf 
«.25PPPP*PC 
« .lOPPpF^C'' 
5.75PPPF*PP 
t .PPPPPF^PP 
fe,25PPP**'‘P 
t ,50PPPP*P'' 
t,750PP^*(^^ 
7.0PflC''F*PP 
7.25PPPF  + P(‘ 
7,5CflP»'F*f  P 


•«  .TFPS3F-0  1 
2 .OBUf PE-C  J 
1 .•?1F7«E-C1 

р. «<:e«FE-P2 
1 .1?11«E-C! 
1 ,S3J1*E-C  1 

с, <5p7uiE-P? 

< .iii'flEF'^Pl 

< ,5q6ii«F-Cl 
P.alEl2E-Cl 


i.uP«nF-0l 

• 0 2 


7.fl22J2F--. 
1 .1<(7«#E-C  I 
1 ,u2«aflf-01 

P.Pl 132E-01 


7.M  HIEE-C2 
* ;«C3 


F.flOieOE- 


^.?J7F7E-?1 


. ,. JC15E-02 
7.*<fc*«E-C2 
?.P2«pflE-C2 
1 . j«F5EF-02 
1.5FPE3E-02 
? ,pSfc*PE"02 
«,l22e«F-C3 
P.a3e«*E-C2 
1 ,PPPl3E«C2 


?.7l3<iPF-e2 

— ■ 


1 


Si2«t-C2 


P6»C  - >-Z 


il'P  - LMTptPp/^'Z 


7,75COCE*OP 
F .PCCCCE*CC 
F ,25C0CE*CC 
F .ECCOPF*CP 
F ,75C0CE*CP 
P,pCCCPF*CP 
i;  ,25CPCE*f  C 
< .5CC0CE*PC 
F ,75CCPE*CP 

:5S?Sll:Si 

.pECPCF^Cl 
,C75CPE*C1 
,lOCCCE*CJ 
,l2«n0Ep01 
,15C0CE*C1 
, 75CCE*C1 


.2|COPE*Pl 
,|750(  E*l 


F.*C1 
.3CCOCE*C  1 
,12500E*C1 
.i5C0PE*Cl 
,3750CE*C1 
.aooccE^ei 

-/i?eorP*P1 


._^50CF*C1 
,bSBope*c  1 
,«7!ooE*C1 
,«CC00E*C1 


1 ,E35e7E-C2 
e.qjEeEE-C3 


niTSE-cI 


ft  fOV  / i-  w* 

t .iPaOEE-Ce 

il?73euE-c! 

p.F3523E-P<< 


=3!23E-pZ 

!a!ofcE-C3 


,P0B7tE-C5 

.I7575E-C3 

.7ui«tE-C3 


i 


.ICISJE-CZ 
,l2ea5E-C3 


1 .2feS6CE-0S 

1.72SIII-C3 

5;?Si4ti:SI 

UlimVAi 

i ,E«C3eE-Ca 

1 .70’  /PE-c5 
.eSi^TE-CI 


,C3«VcE-Ct 

t225eE-Cu 

,ie7e5E-c« 


, * s . V . ..  J C « 

iiceeE-c5 


CDC  6600  CSP  Printout  IV 

Reference  Program:  Processing  of  TV  data  run  no.  5 
Tracking  Program:  Run  no.  86  using  above  referenced  data 


P-IOCPSSIOI  0ICTIJ^H5 
SrA^XH  .WINDOW  IS  16  X 16 
STARTING  TARGET-  CnOTniNAT^:S 
TAPE  lUTPUT  option  IS  1 


ik>*9kZ) 


E 


I 


IRflr.XlKG-  EUti-KC.  36 


X DIf'FNSICN  =16  Y CIMENSION  = 16 

X CENTER  =32  Y CENTER  = 32 

PRINTCLT  EVERY  FO&^ES 
INPUT  FRCP  UMT  I 

0 PRflfK(r<:  <;kI  = PF'’,  Qo  FPflPE?^  prCCE'^'ET 
FREQUENCY  = 3C.Q0 

5 INPUT  PITS  USED 
ICOLPP  =0  I CPF  = 0 

SC^LCF  = 4.00  ^FACX  = 5.00  SFflCY  = 5.00 

aUTQPiJIC  THRESHOLC  USEC  FO»  EDGE  TRACKER 
LTNEAO  FRCCESSIKG  ^CR  CCROELATTCN  TRACKER 
CORRELATION  PETHCG  - SUP  QP  Aqs  VALUES 
UPDATE  AT  4 PRAhcc (SK IP) 

LINEAR  FfiCCESSIKG  APCVE  THRESHOLD  OF  - 23  FOR  CENTROID  TRACKER 


PENTROIO 

- X 

AXIS 

CAIN 

.55203 

CENTROID 

- Y 

AXIS 

Cl  AIN 

= 

.52075 

niG  COPR 

- X 

AXIS 

r-ATN 

= 

1 .00030 

. CIG  CORR 

- Y 

AXIS 

GAIN 

r 

1.00000 

EDGE  - X 

AXIS 

GAIN 

= 

.39479 

- EDGE-  - Y 

-AXIS 

GAIN 

.32562 

318 


lF' 


I 


._SA.MP1£  - ee 


RUK  KO.  46 


INPUT  PICTURE  (X  OFPSfT  s -2,  Y OFFSET  = -4) 


IMBUT  -DATA  DiViDEO  BY  2 


-3-1 
3 1 


3 -3 
3 3 
1 .3 
3 2 
3 2 
3 3 
3-3-3. 
4 4 4 
S,.6.fi- 
4 9 I 


3 

3 

3 

3 

-.3 

4 


3 

3 

.3 

3 


33 
3 3 
3-  3 
3 3 
3 3 

3 3 
X3 

4 4 


M 

9 

I 

6 

4 

4 

3 

4 


-3  3 
3 3 


I 

9 
t 

6 
4 
4' 

-T 
3 
3 
3 
3 
3 

3 -3  - 
3 3 
3 2 
3 3 
3 3 
3 3 
3 3 3 
3 3 3 
3--3-3--3 
3 3 3 3 


3 

3 

.3 

3 

3 

3 

3 

3 

1 

3 


3 

3 

3 

4 
3 
3 
3 
3 


6 

f 

f 

9 

i. 

6 

4 

3 

3 

3 

3 

3 

3 

3 


Z 6 

f f 


3 

3 

1 

3 

3 

3 

3 

4 
7 
I 
I 
f 
9 
6 
4 
3 


4 3 
4 5 


I 
9 
« 

6 
4 
3 

3-  3 3 
3 3 3 
1 
3 
3 
3 
3 
3 

3 .3  3 
3 3 3 
3 3 3 
3 3 3 
-3  3 3 

3 3 3 
-3.-3.  3 

4 3 3 


a 

2 

9 

9 

-9 

6 

4 

3 

3 

4 
-3 
3 
3 
3 
3 

3 

4 
4 


3 4 
3 4 


4 4 
4 4 
4-V  6 
4 4 6 


4 

4 
6 
6 
6 

7 

5 

1 
t 

2 
N 
2 
t 
I 
9 
4 

a 

a 

8 
8 
9 

A 

8 

9 

7 

7 

6 
6 
6 
6 
6 
6 


6 

6 

6 

7 

8 
6 
9 
8 
2 
2 
N 
2 
f 
f 
q 
8 
8 

7 

8 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
5 
4 
4 


7 

7 

7 
9 
9 
f 
f 
2 
2 
N 
N 
9 

3 
I 

8 
6 
5 
5 

4 
4 
4 
4 
4 
4 
4 
4, 
4 
4 
4 
3 


3 3 


3 3 


5 

5 

5 

6 
8 

1 

2 
K 
9 
M 
2 
2 
2 
9 
6 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


3 

3 

3 

4 
6 

7 

8 
9 
9 
f 
9 
6 
6 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
2 
3 


3 

3 

3 

4 

5 

6 
6 
6 
8 
8 
7 
5 
4 

3 

4 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 


2 

9 

3 

3 

4 
4 
4 

4 

5 

6 
5 
4 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
2 
3 
3 
3 
3 
2 
2 
2 


2 

3 

3 

3 

3 

3 

3 

4 
4 
4 
4 
4 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


2 

2 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

3 

3 

3 

2 

2 

2 

2 

2 

3 

2 

2 

2 

2 

2 

2 

3 

3 


3 

1 

3 

3 

3 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

3 

3 

3 

3 

2 

3 

3 

3 

3 

3 

3 

3 


3 

2 

2 

3 

2 

3 

3 


3 

3 

2 

3 

3 

3 

3 

2 

2 

2 

2 

3 

3 

2 

3 

3 

3 

3 

3 

3 


2 

3 

3 

3 

2 

3 

3 

2 

3 

2 

2 

3 

3 

3 

2 

3 

3 

3 

3 

3 
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04  i\9  f\>  f«i 


— SAMPLC- W€^. 


KC. 


66 


VIDEO  GRADIENTS 


INPUT  DATA  T^I VIDEO  PV  2 


•••• 

w ■ 

¥•  •*  • 

• " -r 

• 

• 

• 

9 ' 

•9  m 

• 

• 

• 

• 

. 1 

• • 

• 

• 

9 

• • 

• • 

• 

• 

9 

• 

t • 

• • 

1 

1 

• • 

-1  1 

1 1 

1 

1 

2 

3 

3 3 

4 4 

e 

5 

4 

5 

7 7 

6 6 

6 

7 

7 

6 

7 6 

6 6 

5 

4 

2 

1 

t 

1 1 

9 

• 

7 

7 

6 6 

6 6 

c 

Q 

-i 

6 

7-4 

9-  4- 

5- 

4 

3 

3 

3 3 

3 3 

2 

2 

-1 

1 1 

1 

1 

• 

1 

1 . 

t • 

9 

• 

1 

' • • 

• *• 

1 

• 

• 

1 

• • 

• • 

1 

• 

••• 

9"“  9 

• 

• 

• 

t • 

. 1 

9 9 

1 • 

• 

. 1 

1 . 

• 

t 

1 

■1 

-•  • 

-.  . 

• 

• 

1 

1 . 

• f 

t 

• 

• 

1 1 

• • 

1 

• 

• 

• • 

• • 

1 

t 

9 

9 

9 9 

9 9 

• • 
• • 

1 

• 

9 

9 9 

1 

• 

9 

9 9 

• • 

1 

• 

• 9 
9 

. 1 
• • 

• • 

1 

• 

9 

• 

..112 
..122 
...  3 1 
..122 
..122 
113  2 2 

3 3 13  2 

5 5 5 <4  2 

7 5 A 2 1 

3 3 2 2 2 

112  2 1 

9 7 5 4 3 

4 5 4 2 2 

2 2 2 2 1 

12  12  1 

12.2. 
12  12  1 

12  12  1 

12  12  1 

2 2 111 

2 2 111 

2 2 112 

2 2.12 

2 2 112 

12  1.1 
2 2 . . 1 

2 2... 

2 1 . . • 

3 1 . . 1 

3 1 . . 2 

3 1.12 


1 

• 

1 

1 

"> 

2 

1 

1 

1 

1 

2 

1 

2 

2 

2 

1 

1 

2 

3 

3 

1 

2 

2 

2 

3 

2 

2 

2 

3 

3 

2 

2 

1 

1 

4 

2 

2 

1 

1 

3 

2 

2 

• 

• 

2 

2 

t 

• 

• 

3 

1 

1 

1 

1 

4 

2 

1 

1 

2 

4 

3 

4 

4 

4 

4 

1 

3 

5 

5 

4 

1 

2 

3 

2 

2 

2 

2 

3 

1 

1 

2 

2 

i 

1 

2 

1 

2 

2 

1 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

1^ 

1 

2 

• 

1 

2 

• 

1 

2 

• 

1 

2 

1 

• 

2 

1 

1 

2 

1 

1 

1 

• 

• 

• 

• 

• 

111. 
3 2 2 1 
3 2 2 1 

3 2 3 . 

4 3 3 1 

5 4 4 1 
4 3 4 2 

4 3 4 2 

5 3 2 1 
5 2 2 1 
4 2 1. 
2.1. 
111. 


1 1 

. 1 
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F06E  TPACKEB  INPUT  DATA 


IN5Ul_nJLIi-ilI.\aaED  EY  1 


• « 


• — * . . 

• 

A 

• 

4 

• 

• 

• 

• 

• 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• •••••«••  ••• 
• ••••••••••• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

1 

1 

* 

• 

4 

• 

• 

• 

• 

• 

• 

o 

1 

1 

• 

• ••••••••••A 

• 

• 

• 

• 

1 

• 

• 

• 

• 

• 

1 

1 

1 

• 

!••••••••  ••• 

.4 — 4 - 

.A 

• 

1. 

.1 

1 

1 

• 

• 

• 

• 

• 

1 

1 

1 

1****. ..•••* 

.11111 

1 

1 

1 

1 

1 

1 

• 

• 

• 

• 

• 

1 

1 

1 

« •••••• 

11  1.  1.  1.1 

1 

1 

1 

1 

1 

• 

• 

• 

• 

• 

• 

1 

1 

1. •.**..**** 

111111 

1 

1 

1 

1 

• 

• 

• 

• 

• 

• 

• 

1 

1 

1 

i*>***..**.. 

M • 4 ~ • • • 

A 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

1 

1 

111111 

1 

1 

1 

1 

1 

1 

1 

• 

• 

• 

• 

1 

1 

• 

• ••••••••••• 

.1  1-1.1.. i_l 

1. 

1 

1 

1 

1 

t 

• 

1 

1 

1 

1 

1 

1 

• 

111111 

• 

• 

• 

• 

• 

• 

• 

• 

1 

1 

1 

1 

• 

• 

A99999949  ••• 

• 

9 

• 

f 

• 

• 

• 

• 

• 

1 

f 

• 

t 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

• 

• 

• 

t 

• ••••••••  ••• 

• f A 


a ' • A. 


••  « 


• ♦ 


1 

1 

1 
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SAMPLE  WO.  ^ KO, 


OCT  TRACKER  INPUT  CATA 


i 

i 

! 

i 


_ _I*iP4W  4XAXA  WVIOEO--PY  2 


_ i 

3- 

3- 

3- 3-3-3- 

3 

3 

3 

4 

6 

6 

3 3 3 

3 

3 

3 3 

3 

2 

3 

3 

4 

4 

6 

7 

3 3 3 

3- 

3 

3 3 

3 

3 

3^ 

3 

4 

6 

6 

8 

3 3 3 

2 

3 

3 3 

3 

3 

3 

3 

4 

6 

7 

8 

3 3 3 

2 

3 

3 3 

3 

3 

3 

4 

4 

6 

8 

8 

3 3 3 

3 

3 

3 1 

3 

3 

3 

4 

5 

7 

8 

0 

3 3 -4 

-3-3- 

3. .4.^  _3 

4 -4 

6 

8 

9 

1 

4 4 4 

4 

4 

4 4 

4 

5 

6 

7 

8 

1 

1 

f 

5 6 6 

6 

T 

6 7 

6 

« 

g 

1 

1 

2 

1 

2 

6 9 1 

t 

f 

1 f 

2 

2 

2 

2 

2 

2 

2 

N 

- 3 « S 

9 

9 

3 9 

9 

9 

9 

9 

« 

(1 

9 

« 

• 9 9 

9 

9 

9 9 

9 

9 

N 

H 

2 

2 

2 

2 

^ 1 f 

f- 

f 

3 1- 

q 

8 

q 

1 

1 

f 

f 

2 

6.6  6 

6 

6 

6 6 

6 

6 

6 

7 

8 

8 

I 

8 

4 4 4 

4 

4 

4 4 

4 

4 

5 

6 

8 

9 

9 

8 

3 4 4 

3 

3 

3 3 

3 

1 

w 

5 

f 

7 

8 

8 

8 

W 3 3 

3 

3 

3 3 

3 

4 

4 

6 

7 

8 

8 

6 

4 4 3 

3 

3 

3 3 

4 

3 

4 

6 

7 

8 

7 

6 

4^  3—3 

3 

3 

-3  3 

3 

3 

4 

6 

7 

8 

8 

6 

3 3 3 

3 

3 

3 3 

3 

3 

4 

6 

7 

8 

7 

6 

3 3 3 

3 

3 

3 3 

3 

3 

5 

6 

7 

8 

7 

6 

3 3 3 

3 

4 

3 3 

3 

4 

5 

6 

7 

0 

7 

6 

3 3 3 

3 

3 

.3  3 

3 

3 

5 

6 

7 

8 

6 

5 

3 4 3 

3 

3 

3 3 

3 

3 

5 

e 

7 

8 

6 

4 

3 3 3 

2 

3 

3 3 

4 

4 

4 

6 

7 

7 

6 

4 

3 3 3 

3 

3 

3 3 

4 

3 
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TQACKiNr,  ER«C0S 


rcNTi?oin  - * I'xi' 
-,3^’7  -.1U71 

-.ae'2  -2.5tiq 
9.7111  l.'feOl  3. <*7  = 7 
3,03  0«  3. ‘*191  4.09  36 

9.C37Q  7.6=9’  7.4=*4 

5.6606  3.3?76  l.flO^O 

4.46?7  3.033"  i.Ofil’ 

-1.1460  -?.i36«  ?.oo:»? 

-l.*006  -1.7»0(i  -.3"60 

.0695  1.8040  1.556" 


^^c6o  .7<.?<)  .0187 

.6??q  .1153  2.3094 

-1.0*1?  3.to?i  .9674 
3.0852  5.0516  4.5866 

7,6=70  7.0535  7.3724 

5.1727  -.7C’5  1.5215 

2.5030  -.1577  -2.277,1 

.6522  -.4844  1.0C80 

-.6*97  -."?15  -.6457 

1.7140  1.7481  2.5617 


1 . 6645 
2.7135 
4.5210 
5.0958 
6.724? 
1.7253 
-.9011 
-1 . 4464 
-.5937 
2. 3638 


1.0631  .4625  .5346 

-.1171  .7255  1.2036 

2.6582  3.5090  3.2P02 

1.1376  6.1706  6.7298 

7.6947  4.3611  7.9C07 

,5756  .5980  -1.4457 

-1.9736  .1691  .7814 

-.6132  -1.3463  -1.0335 
-.4003  -.8018  .0521 

I.8045 


rONTPOin  - V ftXl? 


,0047  -1.C496 

. 58='> 

-1.2072 

2.2*24 

-2. 8417 

3,0059 

-.1  151 

-. 2*92 

2.0638 

2.4300 

2. 3900 

4.4450 

414* 

1, 2072 

-.7670 

5. 3584 

t.  030(4 

-3,0445  -4.8137 

•4, 44Q8 

-4.4732  -4.4*68 

-4. 1*20 

-5.7887  -3.70.7* 

-.4*  30 

-4.3656  -1.545* 

-4. ee?« 

.3033 

. 7335 

-.6822 

1.3716  -2.2304 

.3650 

2.725  = 

. 98?? 

2.3=56 

3.8342 

2.4165 

2.6035 

. 30c  1 

2.6342 

1.0764 

?,748'’  -9. *455 

-3.77b0 

i.,5754  -9.3107 

-6.2234 

•4.3451  -1.16?^ 

-2.6227 

•5.5313  -3.538? 

-,4541 

•2.6C55  -5.5063 

-4,6451 

1.5112 

2.5567  .7015 

4.7730 

.*718  .2353 

-.3176 

3.1822  2.7576 

2.7848 

2,6855  3.4584 

3,7204 

2.7169  6,9474 

-2,6102 

-4.5=12  -4.8350 

-5.5228 

•5.9405  -4.5665 

-4.7321 

-1,9745  -5.5257 

-4,8303 

-.5105  -6,0720 

-1,5057 

-6,4456 

.8770 

-1.7783 

2.7955 

2.0285 

1,0824 

-3,3384 

-3.5508 

-2,3847 

-1,4385 


nif,  rnpp  - X 
-,3753  -.5=20 

axis 

-.21” 

-.3242 

, 2105 

. 1565 

. 2 C .3  8 

,6716 

-.1381 

-.0  261 

, 4574 

,740  7 

1, C572 

l.C«86 

1. 2569 

1.2873 

1.5335 

2.4433 

4, 3776 

4.270  3 

3.  = 842 

3. 3647 

3, 5851 

2.41 84 

1 .7532 

1,6582 

1.5031 

1.515= 

. 7316 

. 8024 

. 7110 

1,2119 

2,0426 

2. 3917 

2. 2=97 

7,675= 

2.8765 

3. 5154 

3.  9663 

3,4208 

-.3151  -.0071  .2684  ,6744 

.1032  .0326  -.  1 100  .B3<*7 

.4115  .5565  .9366  I.CCO6 

1.2775  1.3851  1.4321  1.6557 

4.  208?  ■'.5564  5.5383  6.0384 

1.5195  2.1453  1.3851  1.7678 

1.4151  1.13’5  1.3561  .7500 

1.3177  1.6340  1,7766  l.ooil 

2.7Q84  2.7019  3.2100  2,6131 

3.864?  3.5341  4.0767  4,1774 


,0550  .2611 

,1126  -.0214 

1.0518  .5377 

1.7710  1.7653 

4.1060  3.6862 

1,4610  1,8503 

,7625  .5477 

1.6576  1.5362 

2.6843  2.8253 


nir,  C0R9  - 3. 

-.4056 

-.9=58 

.2057 

. 26  = 3 

-.4103 

-.2717 

.6043 

.6105 

1.0131 

1.1143 

-.2150 

-.1473 

.6156 

. *610 

1. 3378 

1. 3761 

1.4077 

■1.4607 

1. 1062 

. 9432 
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-. 3029 

- . 4404 

, 42  34 

. *760 

. 17C-, 

. 3724 

. *772 

. 8050 

1.2477 

1.774c 

-.3127 

-1.3401 

. 664  = 

. 0761 

1.1312 

1.  3047 

1. 1029 

1.3454 

1.3133 

1.0610 

-.2671  -.1=00 

-.1029  -.4273 

.1691  .1C50 

.c«74  1.0435 

1.1341  1.0563 

1.3251  -1.0C57 
. 8464  l.n'*75 

.0774  1.0=36 

1.31’4  1.2254 

1.C437  .0005 


.2653  .7336 

-.3934  -.2557 

.4064  .758? 

1.1035  1.0165 

,of,7*  ."143 

-.3560  .9550 

1,2841  l.i078 

1,0054  1.0098 

.8556  .9960 

1,3187  1.CZ69 


.1417 

-.3275 

.7472 

1.1334 

.5002 

•1,4375 

1.6751 

I.IOO6 

1.2922 


.6207 

-.3125 

.5298 

1.1159 

.4021 

1.1041 

1.7585 

1.3515 

I.QO05 
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cnr.F  . X «xi5 

2.0281  -1.0415 

2.4734 

.4141  .3031 

-3.4412  4.9221 

-1. (f 23 

.4364  -1.1329 

1,7932  .8836 

. 4325 

-3.7060'  .5470 

-1.2643  -.0554 

. 4207 

.9*96  -.8680 

-.7663  2.6577 

4.0358 

4.453?  4.1168 

2.7'»09  -1.  3045 

-5. 7025 

1.3151  .2413 

3,7890  3.  5481 

-1. 3769 

1.3*99  -3.901? 

-5. 2149  -4. 1804 

-.  20  30 

-1.7646  -1.4463 

-2.6974  -3.0193 

-4. 1101 

-1.9481  -4.8122 

-1.0451  -,75«8 

-4. *299 

-4.2254  -3.45*6 

-.5460 

.628? 

1.  3916 

-. 8162 

-.5049 

. 8215 

2.7828 

-1.8403 

-. 885? 

.1619 

-1.8134 

. 1459 

-.5609- 

1.6299 

1.5098 

. 2076 

. 0 378 

-.1937 

3. 3660 

2.2749 

3,6 c?4 

1.5915 

5.0782 

2.311? 

2.0991 

-.2500  -3.4870 

-2.7899 

-2. 7334 

-4.6260 

-4.9256  -4.2221 

-2.0263 

-1. 7624 

-1.7414 

-2.8009  -3.6944 

-2. 1052 

-2.7937 

-3.0607 

-3.3*54  ‘8.0107 

-1.6503 

-4. 7208 

-2. 0004 

-.*704  -3.8164 

-.1145 

PP6F  - V axis 

1.A5S3 

-B.2UZI*  .i?oq  •“‘♦.erca 

1.0176  -.22’7 

. .6852  . 7707  .<*407 

.4726  -3.3cqe  -2.55®? 
-4.4473  4.5406  4. 2156 

-7,4553  -6.6651  -6.5302 
-4.77C1  -8.6508  -6.4703 
-6.3578  -7,3437  -3.65«7 
-5. 3680  ?5. 5070-11. 78?8 


.3454  .9658 

1.8*67  -1.5604 
-f.4C40  .0106 

1.9274  -.4976 

-4.2785  -2.4987 
-7.7C63  -1.3681 
-5.9«46  -6.7613 
-8.0*77  -7.2325 
-6.  3833  -9.  1'  32 
-6.7259-10.2998 


-.4334  1.3961 

1.6C33  1.3194 

-1.204b  -2.2894 
-1.0877  .2971 

-.3674  -2.0648 
-4.5818  -4,9622 
-4,2871  -4.2345 
-4.5436  -7,7634 
-4.3238-11.9290 
-6.4561  -5.6899- 


-1.7864  1.5034 

-3.3286  -1.3036 
1.0565  .5292 

1.4825  .3133 

-2.3186  5,3511 

-4.8603  -4.8440 
-4. 3806  -7. 1176 
-5.6353  -5.7530 
-4,9015  -3.6913 
13.5216 


2.8781 
-.4C84 
.9946 
-1. 3095 
-1.1965 
-1.0833 
-5.2541 
-7,3695 
-4.8295 
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rFNTRon  - X AXIS 


0.00  0!] 

0.0000 

. 0053 

.1150 

. 3954 

.4271 

. 8377 

1.1854 

1.0590 

.7047 

-.0562 

-.5420 

-1.4333 

-1.0763 

-. 2151 

1.2607 

2.4544 

1.9266 

. 8057 

.4580 

1.4«07 

2.  3064 

7. 0*02 

1.6235 

1.4420 

1.4514 

2.8356 

3.4575 

3.6188 

3.3764 

0.1535 

3.  1622 

3.5624 

3.5837 

4.5616 

4.5509 

5.1868 

3.6445 

3.5676 

5.1618 

6.2509 

6.  0500 

7.3023 

7.602* 

7. 0855 

7.7406 

7.2256 

7.1022 

6.1260 

6.2247 

6.2905 

. 5. 2420 

3.  0739 

2. *120 

1.9249 

1.1746 

.9619 

1.0404 

. 8663 

-.2019 

.0763 

3.1752 

3.5240 

2.5042 

. 5795 

-.9224 

-1.0024 

- 1 , * 0 1 4 

-.9730 

.2152 

.25  36 

-.0826 

-.6103 

.5307 

. 7839 

.5607 

-.3044 

-.8575 

-1.2452 

-1.2321 

1.2809 

-1.3204 

-.  00.23 

-.6266 

-.5612 

- . 6666 

-. 0400 

-.7783 

-.7120 

-.3910 

-.0369 

.0316 

1. 5760 

1.5C73 

1. 8499 

2.0534 

2.3454 

2.3081 

x:fntroio  - V 

»XI5 

0. ocoo 

0. OGOS 

-. 0670 

.120* 

.0557 

.2509 

. 4275 

1.4583 

1. 8459 

1.3733 

-.0523 

.131° 

-.522’ 

-.2**5 

-. *276 

-.6342 

1.5656 

2.8066 

1. 5590 

-.4225 

-.  21'»2 

.6114 

.6*14 

-1.1''0’ 

-1.2C95 

.5007 

1.4904 

2.1572 

2. 6C75 

2.9725 

2.6711 

2.3177 

2.  C5?n 

2.7201 

3.  C447 

2.9161 

2.657* 

2.61C8 

2.9669 

2.8308 

3. ?097 

2.  1*55 

1.1057 

.1161 

.5326 

1.5*37 

3.0551 

3. 3493 

4.6812 

4.1300 

1.0*61 

1.4005 

3.  5430 

2.527* 

-2. 21*9 

-5.5569 

-5.072* 

-3.7974 

-3.8147 

-4.0465 

3.0034 

-4.1790 

-4. 4°41 

-4.6*  37 

-H. 5ia7 

-5.5733 

-5.9200 

-5.5774 

-5.3767 

-4.3386 

3. *570 

-4.0703 

-4. 371C 

-4.4210 

-3.1331 

-2. 1026 

-2.7770 

-3.2105 

-4. 0730 

-3.8223 

4.1262 

-4.1*07 

-2.  *370 

-2. *630 

- 3.5655 

-2.0001 

-2.7760 

-2.1317 

-3. 3411 

-3.4095 

3.6106 

-2.7032 

-3.  1*61 

-3. 3075 

-4.2761 

-4. *703 

-3.0220 

-3.9138 

nir. 

rooo  - X 

flXT  « 

0. ooon 

0.  OGCO 

-. 29** 

-.4200 

-. 3620 

-.1*73 

.0005 

. 440* 

.4592 

.3036 

.1^00 

. 1481 

.1747 

. 379* 

.4020 

.223? 

-.0359 

-.  10*9 

-.0053 

.0639 

- . 00  01 

-.  07  = 3 

. 1C03 

.407C 

.6*36 

. 6 1 

. 6 37* 

. *344 

1. 0357 

1.0669 

1 . P4  oo 

1.  d50C 

1.1=00 

l.prea 

1.3056 

1.3430 

1 . 3916 

1.5150 

1.6*62 

1.8022 

1.7X00 

l.  = 20* 

3.  C273 

4.1*40 

4.6709 

4.3034 

4.5962 

5. 3CC0 

5.3920 

4.4483 

3.5290 

3.1057 

3. 330- 

3.110* 

2.4473 

1.0470 

1.621* 

1.5768 

1.5461 

1.6596 

1.760'’ 

1.7*64 

1. *37* 

i.5roi 

1.4336 

1.3025 

1.1326 

.*071 

.7*15 

.6240 

. 6701 

.7107 

. 771-1 

.0471 

1 .1914 

1.4*3? 

1.7130 

1. *045 

1.096? 

1.8643 

1 .=1 06 

2.1417 

2. 274* 

2.0173 

7.7046 

2. *244 

3.0020 

2.5465 

2. 7692 

2.6832 

2.7702 

3.1241 

3. 6440 

7.  *097 

3.7049 

3. *009 

3.9610 

4.1251 

rir,  1 

COPP  - V 

axis 

0.  '’0  00 

0. OCCQ 

-.  46*0 

-.6470 

-.4535 

-.2171 

. 0*04 

.4404 

.514* 

.5029 

.40  17 

. 3181 

.312* 

.0*2* 

.4242 

-.0602 

- . u 74  2 

-.5117 

- . 3716 

-.2777 

-.3170 

-.3425 

-.  1707 

.1491 

. 3213 

.25  04 

. 2355 

.4592 

. 7249 

.7894 

.7217 

.6348 

. 684* 

.7*  30 

.0099 

i.niio 

1.0871 

1.0040 

1.0850 

1. 1^,13 

1.0«’0 

1.  0726 

1.170* 

1 . 26  0 » 

1.2696 

1.1743 

1.0344 

. 892* 

.6825 

.4702 

. 120  i 

-.1575 

-. 315® 

-.7301 

-1.2227 

-1.3*10 

-.9118 

.1143 

. 0552 

.1366 

. 40  3P 

.8-141 

. 0013 

. 0720 

. 0561 

.9503 

1.1321 

1.2207 

1.4007 

1.6361 

1 . 642« 

1.470  3 

1. 2230 

1.1772 

1.1260 

1.0*62 

1.0626 

1. 0486 

1.0037 

1.2238 

1.40  32 

1.5043 

1. 360* 

1.1345 

.570? 

1.0402 

1.0217 

.9723 

1.0610 

1.1297 

1.132? 

1.0351 

. 0770 

.005c 

1.0424 

1.0414 

1.0178 

1.0096 
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r 


1 himimt 

fonc  -X  a>K 

o.onoo  0.  0 00'^ 

.9177 

1.2147 

.0078  -,0ri9  -.1822  .5445 

.5289 

-.1412 

-l.*T60 

-.0967 

. 7906 

.77?4 

-.4498  -.4456  l.u517  .9291 

-. 3531 

-.9651 

,??U7 

1.1275 

1.  29 ’0 

-.0449 

-1.7369  -1.6501  -.6601  -.2206 

.5*97 

1.3522 

-. 2704 

-.4126 

. 37  33 

.3505  .0582  -.1110  -.0973 

1.2256 

2.4940 

1.7358 

1.1777 

2.  23<'7 

4.0108 

4.7913  4.3803  2.o3?8  2.9841 

3. 1550 

2.8415 

?.4135 

.0046 

-?. 5C94 

-2.0560 

-1.0295  .5333  -.7011  -2.7024 

-3.5286 

-3.8857 

‘ ), 

-1. 1161 

2.5290 

2. 7417 

1.2C44 

-1.5921  -4. 0925  -5.1*22  -4.0362 

-2.2174 

-1.2611 

-4. 332° 

-1. 3060 

-1.6332 

-.7974  -1.6150  -3.0101  -3.3037 

-2.9125 

-2.6847 

W.* 

-2.7^91  -2.8995 

-3.4227 

-3.1771 

-3.4960  -3.7213  -5. 5005  -5.053? 

-4.2084 

-2.8550 

i 

-2.0725  -1.2737 

'or.r  - Y axje 
o.cooa  c.oaac 

-2. 3446 
. 4437 

-3.0441 

.6444 

-4.5150  -2.9583  -2.2223  -1.4376 
.*516  .3900  .348?  -.3774 

-. 1000 

1.3582 

-.2109  -1.6381 

-3. 2517 

-1.7332 

-.6694  .5432  1.1973  -.2224 

-1. 8C12 

-1.8766 

. 3061 

1. 8667 

1.  4421 

‘..256? 

-3.5542  -2.4614  -1.2974  -.2664 

.4900 

1.0361 

1.0004 

. 6063 

. 5728 

i.cr  30 

.7625  -.2267  -.6516  .2373 

.9401 

.2106 

: . 

-.365Q  -1.6135 

-2. 6154 

-1.6878 

-3.6021  -2.1C95  -1.1351  -1.4209 

.7184 

1.6219 

. .-.8804 

-.6379 

2.  2064 

. 1C5? 

-3.5194  -5.7623  -5.5257  -4.6815 

-4.6557 

-3.2969 

-4.1625  -8.  0492 

-7. 3152 

-6.9110 

-6.3936  -5.4630  -4.5230  -4.0332 

-5.1805 

-6.0469 

-7.3052  -8. 3999 

-8.  164iC 

-7.6384 

-7.2672  -6.2089  -6.1084  -6.1507 

-6.0969 

-6.3977 

• 

-6.6748  -7,  032’ 

-5. *696 

-5.25  30 

-6.6399  -6.9175  -8.4937  -8.0483 

-5.8730 

-3.9584 

-5.6019  -7.1116 

-9. 2697 

-9.2122 

-9.2558  -8.1353  -6.6448  -8.4682 

\ 


f 


CPPCT9AL  CEKSITY  rFNTPClP  - ^ 


Forn  . F7  fif-F  - UMTS**?/H7 


FREO  . h7  ftt-F  - UNITS**2/HZ 


2.5C  0 OOF-Cl 
5.Cn  CQOF-Cl 
7.50  0 OOE-01 
1.00  OQQE  + 00 
1.25000E+CO 

i.FC  OOOE  + 00 
1.75000F*C0 
?,Q0  OQOE  + CO 
2.25000E+00 
2.5C  0 OOE  + CO 
2.75CCOE+CO 
3.00000E*CO 
1.25COOF+O0 
1.50  COOE  + CO 

1.75  0 00E  + CQ 
U.OQOOOEtCO 
4.25000E+C0 
U.50  OOOE  + CO 

14.75  0 00E  + CO 
5.OOOCOE+C0 
5.2F  OOOE  + Otl 
5.50000F+00 
5.75000E+OQ 
6. 00  0 QOE^QO 
5.25  OOOE  + 00 
6.500  OOE^OO 
5. 750005*00 
7.0DO00E*00 
7.25000E+G0 

7.50CC0E*0a 


5.F0252E*0'3 

1. 27320E+01 

1.27i»<«qE-Cl 

4.013°6E-C1 

1.  17075E  + 0C 

1.006O5E-C2 

q.  •'aqClE-Ol 

1.  C°754E-C 1 

■>.12  00  5^-01 

1.7?°C1E-C? 

7.  3^54.15-01 

5.4U?iq5-02 

7.f.q,310E-ri 

c.*1«7qe-02 

3.37127F-02 

1.33737E-C.1 

1.5O522E-01 

3.22«36E'01 

1.  2''lf  5E-C7 

l.e»3PilF-0l 

2.14qF3E-01 

2.136F1E-C2 

1.211»7E-02 

7.!°310E-07 

4.o«051E-C2 

2.7qi2lE-C2 

4.255=0F-C2 

1.C27C7F-07 

q.i7«F5'^-C3 

3.651»0EE-C1 


7.75000E+OC 
O.OOOOOE+On 
1.25000E+00 
9.50000E+00 
5 .75OOOE*0C 

q.oooooE*oo 

q.25000E*00 

q.50000E*00 

q.7EOOOE*CO 

l.OOOCOE+01 

1.0250CE*01 

1.0500CE+01 

l.C750CE*Cl 

l.lOOOOE+01 

1.12500E+01 

1.15000E*C1 

1.17500E*01 

1.2COOOE+01 

1.2250CE+C1 

1 .25000E+01 

1.27500E*01 

1 .3COOOE+01 

1.32500E+01 

1.35000E+01 

1 ..37500E  + 01 

1.4C00TE+01 

1 .42500E  + 31 

1.45000E+01 

1.47500E*01 

1.50000E+01 


1 .q35BlE-02 
3.65507E-02 

1 . qoq4fcE-02 
1.11790E-02 
7.58391E-03 
5.0637BE-03 
5.55693E-03 
1.13519E-03 
q.q082CE-03 
1.00007E-03 

2. C9767E-04 
g.70243E-03 
7.29455E-03 
7.17532E-03 
5.5335CE-04 
1.4759eE-i)3 
1.5739'i'£-03 
4 .41866E-03 
9.74931E-03 
2 .491ieE-03 
2.11047E-03 
2 .47222E-03 
4.':3843E-03 
1. 37775E-03 
2.24246E-33 

3.B0743E-04 
q.51912E-03 
5.65622E-03 
2.69284E-03 
2.12341E-03 


330 


i 


spectral  CEKSITV  feKTROin  - X fixlS 


4KPLITUnF  - UMT<?**?/K’ 


.273I+01- 

.231E+01- 

.184E+01- 

.103E«01- 
,061E*31- 
.OieF*ll- 
,761E*i!C- 
,33XE*00- 
.qi?E+oo- 
.4«8E*Cf- 
,064E^00- 
,63eF+C0- 
•215E+0C- 
.■'91iE*00- 
.36eE+00- 
.942E+00- 
,517E*CC- 
,0q3F*00- 
•6EFE+0C- 
,244E*00- 
,fl20E*3C- 
;,3q5E*0C- 
.971F*00- 
-,546E*00- 
’.122E  + 0C- 
.ftqnE^oo- 
..273E+00- 
I.488E-01- 
1.244^-01- 


♦♦  ♦♦♦  ♦ ♦ ♦ 


0.00  2.5C 

FPECUENCV-H7 


10.00 


12.50 


15.00 


, cprfTPfiL  rcKCjTY  rPMPCir  - Y iXl*? 


F=PQ  - HZ  . A»<F  - UMTF**?/i-7 


Z.53000E-ni 
5.000QOE-01 

7.EQf)C0E-Pt 

l.QOOCQE^O^ 
1.?5020E4  CO 

1. EOQCCE+00 
1.7500CE->rri 
2.00DCCE+C3 
Z.P^rOCE  + C.0 
z.SDooor.^'CO 

2. Y?  000E+  CO 
Y.COCOOE^OO 
7.7<5  0 00£  + 03 
T.FOO 30=+ jO 
3.750”?Et^a 
^.0D20QE♦aa 
‘.,’50  COE  + rO 
^.5^C:0£♦C0 
!4.75  0 00E  ^00- 
5.00  OCCEyC  0 
5.2500CE+CO 
5.50COOE'>GO 
5.7C000Et'0 

6,roo!ioE  + :o 

5,25030E  + G 0 
E.500COE+30 
5.75300E+00 
7.0SOOOE+CO 
7.250COE^OO 
7.5OOC0E+CO 


1.  =50° ’5+ 00 
1 .04253E+CC 

2.  l°°C6?  + 00 
7.‘.01575-C1 
1. 761C  7E-C1 
‘'.‘.•QPmF-CI 
■».5‘.0C5E-01 
1.74225=-C 1 
= .2''ir4E'’ri 

2.  17022  = -01 

0.  ‘47335F-C  1 
’..■*157«E-C1 
7.63‘'F*E-02 

n‘*3°E-C2 

•».5742‘4E-r’ 

«.«567SE-C;.’ 

q,40C74E-C’ 

1.2‘!2‘.3'-C2 

1.  23°33  = -Cl 
■».E2°E1E-C1 

n23°2  = -Cl 
1.  043E3E-01 
3.733‘.°  = -C'’ 
1.51.  3E  C = -C1 
l,E‘.l52  = -03 
1.  0'<EE8E-C1 

3. ‘»55C1E-01 
4.62310E-C2 
=.0235 1E-C2 
7. 2ie74=-C2 


FREC  - HZ 


apF  - LNIT£**2/H7 


7.7=CCCE*0C 

8.  COOOOE  + 0 C 
9.2E000E+00 

9. =0O00E*0O 
5.75000F*OC 
9.QC0C0E+O0 
°.25COOE+OC 
9.5C000E+00 
=l.  750  00E  + 0C 
l.OOOOOE^Ol 
1.02500E+01 
l.CEOOOE^Ol 
1 , 07500E^01 
1,  lOOflOE  + 01 
l,l?500Et01 
l.lEODOF^Ol 
1.1750CE+01 
1.20000£»01 
1 .2250CEt0  1 
1,25CCCE^01 
1.27500E*01 
1 . ZCOOOEtOl 
1 , 3250CE+-01 
1 . 3=0CuE*01 
1. ’7=OOEt01 
1.‘40000E^01 
1 .425COE*01 
1.4500C=^01 
1.4750CE^01 
l.ECODOEtOl 


1.05352E-01 

4. 91515E-02 

3.5101CE-0? 

‘*.4690  JE-C3 

1.73475E-02 

6.03245E-03 

3.52492E-03 

7.21755E-03 

1. 3503CE-03 

5.4O61FE-03 

5.2307OE-03 

4.69356E-03 

9.80957E-03 

2.56335F-03 

3.52677E-04 

E,619qiE-03 

3.21391E-04 

3. 35034E-03 

1.1815CE-C2 

1.13529E-C3 

9.93091E-03 

1.0370  3E-02 

5.2664CE-C4 

5.25361E-C3 

2.60371E-03 

8.93144E-03 

3.43374E-03 

3.53522E-C3 

9.  19682E-03 

2.92538F-03 


J 


'oECTRat  rPN5iTv  rEK'TocTr  - V axis 


A-KPLITunE  - UNITS»*?/H7 


8.'343E^00 
9,644F*QC 
S.3<»eE>CC 
8,04«E*Q0 
7.7SCE+0C 
7.452E*'30 
7.154F+0C 
6.«5EE*00 
Ei.E5SE*0C 
«5.26GE*(in 
S.ci62E<0C 
5.664E+00 
5.36fE*0fl 
5.C67E+00 
4.76<!E*0C 
4,471E*0r 
4.173F+0C 
3.‘'75E*0C 
3,577£+Qd 
3.?7eE+QC 
2.981E+3C 
?, 683^*00 
?,3«5E*QQ 
?.0  87E  + 0Q 
1.78«E*QC 
1.4O0E+0C 
1.192E>QQ 
8.943E-C1 
5.962E-Q1 
2.9ME-Q1 


FPPCi;EKCY-H7 


CDCCT-JfiL  CEN'^ITV  nir  - '* 


PP£T  - (-7  AMP  - IJKT T' * '■  2 /H7 


F;jEG  - H7  AMP  - LNIT<:**2/HZ 


?.5?0  0 0'^-01 
5.000QOE-01 
7 .'50QC0P-O1 
l.QCQOCE+CO 
1.25000E+r0 

1. 'jCcroE  + co 

1,7<5  00(!E*C0 

2. COOOCE+DD 
?.?500DE+rO 
2, 50  CDDE*00 

2. 75  0 COE* 00 
l.CCCCCF*CC 
3.2SC00E+CC 
3.5C030P*C0 
3.75000E*0G 
4.C0000E*C0 
<..25C0CE*C0 
(4.50  0 CCE*r0 
I*  . 75  000E*C0 
5.0000CE+C0 
5.25000E*C0 
5.50000E+CO 
5.750005*00 
6. 00  OOOE  + 0 0 
6.250005*00 
6.500005*00 

6.75  000E*0  0 
7.000005*00 
7.25C00E*C0 
7.500005*00 


773315-02 
?.  2‘(t<»2F*00 
1.  l‘*ll?E*G0 
1 .774,535-0  1 
1.  4.74.25C-01 
1.  3'' <4085-01 
3.270°2E-01 
9.25708^-02 

j j * « n c Q r . C ? 

7,515565-02 
U. 01?5  35-0  3 
7. 72125E-C2 
•E627E-07 
1,Q65Q8E-G2 
1 .5P136E-C2 
s.eSOUQE-Cl 
e,<47  3 P55-0‘* 
2 , 30  9U5E-C7 
9,  71  «l(.E-C'5 
c.7315<4F-C3 
°il20095-07 
7,e?956E-07 
•.  e?6715.0  3 

1, ei253E-C2 

2, <4l72flc.c2 
4. 74.3055-03 
o . 0e?‘4<45-0  3 
U.  00  3545-0  3 
6. 2771 2F-03 

3,  •21440-07 


7 .75000E*00 
5 .00000E*0O 
8.25000E*0C 
8.50000E*0C 
fl.750Q0E*00 

2. cooooE*ao 

2.25000E*OC 

2.500005*00 

9.75000E*0C 

l.OCCOOE+01 

t,02500E*01 

1.0500CE*01 

t.C750CE*01 

1 . 10000E*01 

1.125C0E*01 

1.150005*01 

1.175005*01 

1,20000E*01 

1.2250CE*01 

l,?5000E*0t 

1 , 27500E*01 

1 . 3 00  00E*0  1 

1 . 325005*01 

1, 350005*01 

1.37500E*01 

1 .4C000E*01 

1.425C0E*01 

1.450005*01 

1 ,47500E*03. 

1,500005*01 


1.02405E-03 

1.4014C5-O3 

5.75109E-05 

9.44405F-04 

1.344C2E-04 

7.33731E-04 

3.83915E-05 

4.35891E-04 

4. 89791E-04 

1.20423E-04 

1.19821E-04 

2.74995E-05 

3.50549E-O4* 

4,3181 8E-04 

3,541°2E-04 

5.0O867E-O4 

5,61795 E-05 

3.73661E-04 

2.99279E-04 

3.7124eE-04 

1.45942E-04 

8.46191E-05 

9.10836E-05 

4.17034E-04 

4.023985-04 

1.36401E-04 

1.31339E-04 

1.16863E-05 

2.08589E-C4 

4. 16895E-04 
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coFCT^aL  CE^'ITY  CIP  rcPP  - y ftyi? 


anPLlTunF  - tMTS**2/w7 

2.?«IE*0C-  ♦ 

2.205E  + 0C1- 

2.12eE*C0- 

2.053E+0C- 

l.q77E*Cf- 

l.q01E*0Q- 

1,«25F*00- 

l,7<*eE*00- 

1.673E*Cf- 

l,?e’F*0C- 

1.521E+00- 

1.44?F*QC- 

l,36O.E*0C- 

l,2O3F«0C- 

1.217E+C0- 

l,lUlE*bC-  * 

l.C65E*CC- 

q.^^EE-Ol- 

q.i2er-oi- 

•.365E-01- 

7.605E-01- 

fi,84<*E-01- 

6.Q8UE-01- 

5.323P-01- 

4.563E-01- 

3.802E-01-  ♦ 

3.042E-01- 

2.281E-C1- 

1.521E-C1-  ♦♦♦ 


spectral  CEK'ITY  ot^  cc®p 


V AXIS 


FREQ  - HZ  AMP  - UMT«**2/HZ  FREQ  - HZ  Ah>F  - UNITS**2/HZ 


?.ECOOaF-01 

1.5a047«'-c'! 

7.75GQGE^0C 

1. Q3314E-04 

5.00CCCE-CI 

•1.26333E-C2 

9 . QCQ  CQE^OC 

4.4g459E-04 

7.5aoaoF-oi 

3.f43a0f-01 

9.25QQQE+QQ 

1.3632eF-04 

l.OOOOOE^QO 

2.En.31'=-Cl 

a.EOQQQE^OG 

7.43452E-04 

1.P5000F+C0 

5.5<'<4a?E-r2 

8.75000E*0C 

9.6043CE-Q6 

l.EOOGOEtQO 

7, »L51 3E-C2 

R.COQQOE^OC 

4.952E7E-04 

1.750a0E+P0 

l.lMEFc-Cl 

250Q0E+Q0 

5.00220E-04 

Z.OOQGCE^CO 

o.  25  354E-&  3 

R.SOQOOE^OC 

5.06179E-04 

?.?PCOQ£+aO 

t.2E74?c-C’ 

R. 75C0QE+00 

1.49992E-04 

2.50QO0E+C0 

3.54032E-02 

1 . OCOOQEtOl 

1.  1764  EE-04 

?.75aoae+co 

1.137OfC.02 

t.0260QE+Ql 

3.32944E-04 

3.0000CE4C0 

2.43Q06E-C’ 

1.G5CG0E+01 

4.43024E-05 

3.?5010F+0a 

3.  •13*3P-r  3 

1 . C750QE+01 

2.5714PE-04 

3.5noaoE+ro 

1. e5735F-G  3 

• l.lOQOOE+01 

1.09425E-04 

3.7<;aooE  + co 

•.ei5  = f:F-05 

1.12500E+01 

1.0257eE-d4 

<«.aC0G0E«C3 

1.213E 3E-C2 

l.l5000E+0i 

6.28925E-05 

‘•.75000E  + C0 

c , ooo7qe-c  T 

1 .17500E+01 

2.iq61lE-04 

4.5C030E+C0 

•'.25EC2E-04 

1.20G00E+01 

9..192B4E-06 

4.75GaOE+CG 

S.521F4E-0'* 

l.?2500E*01 

1.34308E-04 

5.G00C0E+CG 

•,E75f  ■»T-C4 

1 .25000E*01 

2.52728E-04 

5.250CCE+P0 

5.12574E-03 

1.275G0E*01 

■.34178F-05 

5.ECaaGE>00 

4.70635E-G3 

i.SGoaaE^oi 

E.IJMZF-Qt' 

5.75GaGF<-GG 

1.3f.GF«  = -04 

1,32500E+01 

1.49677E-04 

6.ooaaaE>oa 

1.  G2G02E-03 

1 »35G0CE+01 

5.n7lCE-05 

•3.2EaGGE  + 0G 

A.55G02E-C3 

1 .3750CE+01 

1.42455E-04 

E.EGaOOE^OG 

4. 24«59F-G3 

1 .400  OGE^Ol 

6.87305E-05 

6.75000E+GG 

l.Ef=546c-G3 

1 .42500E+01 

6.G2953E-05 

7.ooaoaE+OG 

■'.77136E-G3 

1.45C00E+01 

3.87873E-04 

7.25C0GE*CG 

2.1«337PF-r3 

1 ,47500E  + 0 1 

9.43753F-05 

7.5CaaOE*GG 

2.  1F647E-03 

1 .50000E+01 

2,9788qE-04 

SPPCT94L  CEKSITV  OIG  COPP  - Y 


AKP4,IT^0E  - UMTS**2/h7 


3.644E-C1-  ♦ 

1.522E-01- 

3.401E-01- 

1. ?f CE-Cl* 

3.t58F-01- 
3.037E-31-  ♦ 

2. <»15E-C1- 
2.7P4E-Q1- 
2.672E-01- 
2.551E-01 - 
2.429E»01- 


2.30EE-Q1- 
2.186E-01- 
2.069E-C1- 
1.943E-C1- 
1.822E-01- 
1.700F-01- 
1.57PE-01- 
1.458E-01- 
1.336E-01- 
1.215E-01- 
1.093E-01- 
9.717E-02- 
8.502E-02- 
7.28BE-02- 
6.073E-02- 
4.«5«}E-02- 
3.644E-02- 
2.429E-02- 
1.215E-02- 
0. 


• ♦♦  ♦ ♦ ♦ 

O.CG  2.90  «?.00 

FBPf;llE^r7-^•T 


7.50 


10.00 


12.60 


15.00 
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SPECTOAL  density  edge  - X AXIS 


FREO  - JJ7  AMP  - UKITS**2/H2 


2.50  000E-01  l,eF5«50E+03 
5.00000E-01  3.37308E+00 
7.50000E-01  3.**387F-01 
l.COaOCE-tOO  7.10flUlF-Cl 
1.25a00E+00  5.77836E-01 
1 .50  000E»CO  1.  <)746  «?E-0  1 
1.75000E+C0  7.3q3fRE-Cl 
2.00000E+00  •.7q757E-01 
2.2%CIUat  + jCi  L . xc"  ji 
2.500Q0E+00  l.C807flE-02 
2.7S0Q0E+00  1.E5344E-C1 
3.00000E+00  1,«8204E-C1 
3.25000F+00  1.5Gq5lE-Pl 
3.50000E+00  4.1«562F-01 
3.75000E+00  1.SS425E-C1 
4.000a0E+00  1.31893E-01 
4.25000E+C0  F.8074AE-C1 
4.5C000E+00  7,F714qE-01 
4.78000E+00  1.71604F-01 
5.00000E  + CO  S.447«56E-C1 
5.250Q0E+00  C.20804F-01 
5.50000EtCa  0.58438F-C2 
S.TSOOOE+GO  1.7Y871E-01 
6.00000E+00  1.30575E-02 
6.25000E+00  1,074^5E-G1 
fe.SOOODEtCO  t.2ig25E-C2 
6.75000E+00  2.ePl®6F-ni 
TtGOOllOE  + CO  F.405<-7E-02 
7.25000E+C0  1.S2778E-02 
7.5QOCOE+CO  7.P78O3E-03 


PREC  - H7  AMP  - UNITS«'*2/H7 


7.75000E+00  1,3201 lE-0 2 

B.CCOOOE+OC  5.85932E-02 

8.25000E+00  1.50856E-02 

B.SCCCOE+OC  1.63111E-tii 

8.750!;oE*00  1.4085eE-02 

<’.O0a00E*00  8.8231  3E-03 

9.25000E+0C  1.2513DE-02 

9.50000E+OC  2.17524E-03 

P.75000F+00  2.29972E-02 

l.OCOOOE+01  1.93516E-03 

1.02500E+01  4.24816E-04 

1.C5000E+01  1.04594E-03 

1.C7500E+01  8.9703FE-03 

1.10000E«-01  4.7410  0E-03 

1.12FO0E+01  2.8555EE-04 

1.15000E+01  5.94964E-03 

1.17500E+01  6.27927E-04 

1.2C000E+01  8,0*55eE-04 

1.22500E+01  1.92627E-02 

1.25000E+01  9.69376E-04 

1.27500E+01  4.53236E-04 

1.3000CE+01  1.64314E-03 

1.32500E+01  9.70071E-03 

1.35000E+01  2.26626E-03 

1.37500t«-01  9.04462E-04 

1.40000E+01  4.11666E-03 

1.42500E+01  1.244B2E-02 

1.45000E+01  6.B5100E-04 

1.47500E+01  5.4371FE-03 

1.50000E+01  2.2215BE-02 


«;0ErT«>at  density  pnr,c  . y «yis 


aHPLlTUOF  - UKIT«!**?/H’ 

T.373E+00-  ♦ 

3.261E4'0C- 

3.148E+00- 

3.01EE^OO- 

?.923E«0C> 

2.811E+0C- 

?.6q8E+0C- 

?.586E*00- 

?,U7(tPt3w« 

2r.3«)lE*00- 

.2.24SE4.0C- 

2.136E+00- 

2.024E40C- 

l.qilE+OC- 

l.7q?E4.00- 

l.6*7E+00-  ♦ 

1.57I.F  + 00- 

1.462E+QC- 

1.34SE+CC- 

1.237E+00- 

1.124E+00- 

1.012E+00- 

»,9«5C-01- 

7.871E-01- 

6.746E-01-  ♦ 

5.622E-01-  ♦ 

- 4,4«7E-01- 
3.373E-01-  ♦ 

2.24^9E-01- 
1.124E-01-  ♦ 

0 t • • t # 7 # 

0.  00 


♦ ♦ 

♦ ♦ ♦ ♦♦ 
2.5C 

F8ECUENCV-H7 


♦ ♦ ♦ 

♦ ♦♦  ♦ ♦ 

5.00  7,50 


13.00 


12.50 


15.00 


^1 


«:occTPaL  CEN<:TTY  FOGE  ‘ Y flYlS 


pi^cQ  _ K7  at<F  - UMTF**2/H7 


2.5C  OOOF-Cl 
5.00C0CE-01 
7.F0C30F-Q1 

i*.oooaoE«oo 

1.25000E+C0 
1.500GQE«00 
1.75000E+00 
2 .OOOOOE*  00 
2.25COOE+00 
2.50000£«r0 
2.75CQ0E+00 
3.00000E>00 

3. ?50QC^  + C0 
3.50000E+00 
3.7500CE+C0 
4.00000F«C0 
4,25000F  + ''0 

4. FC000E+C0 
4.75000E+00 
?.GQ000E«00 
5.25000E+C0 

s.soaoaE^so 

5.75000F+00 

e.OOOOOEtOQ 

6.25000E+00 

6.50C00E+Oa 

6.75000E+00 

7.30000E4CO 

7.2^030E*00 

7.50000E+00 


1. 2E°0  3^*03 
3.0«;'5'ftE  + 00 
07440F-01 
3.O0366E-01 
1.41<3  = 5F-P1 
3.205MF-C1 
O.84771F-01 
7.23F3CF-C1 
?.444FqF-Cl 
3. 2=,38C£-01 
«.  27f)eiE-C2 
■».'369«7'-C  1 
2.690?of-C1 
1.54543F-01 
8.4°011E-C? 
0.871C2F-C1 
1.42039E-C1 
t.!l799F-Cl 
«. 12443F-01 
4.73199E-01 
3.727*1E-C1 
q.  e.4398F-02 
2.  37ieOE-01 
7, 10569E-02 
2.22790E-03 
4.8l5g9F-0? 

6. E4O86E-02 
1.0<3710E-C2 
2.07?2'»F-C3 

7. F'5437F-02 


- H7  flMF  - UNITS**2/H7 


7.75000E4-0C 

8.G0000E^0C 
» .25000E  + 0C 
8.60000E»00 
8.7500CE+00 
q.OOOOOE^-OO 
q.25000E4-0C 
q.50000E*OC 

0. 75000E4-0C 
1.00000E4-01 

1 , D2500E*01 
1.05D00E+01 
1.C7500E+01 
l.lOOOOE^Ol 
1.12500E»01 
1.15C00E+01 
1.17500E+01 
1.20000E*01 
1.22500E+01 
1.25000E*01 
1 .2.7500E  + 0 1 
1.30000E+01 
1.32500E+01 
1 ,35000E*ai 
1.37500E+01 
1.4COOOE*01 
1.42500E*01 
1,45000E»01 
1.47500E+01 
1 .ECOOOE^Ol 


1.51383E-01 

4. 34204E-02 

1.13434E-01 

4.36022E-02 

1.58084E-02 

1.03369E-01 

5.6125EE-03 

1.4204BE-04 

1.33039E-02 

1.33776E-02 

1.52661E-02 

q.C3220E-04 

7.36780E-03 

3..?£)283E”03 

1.34404E-02 

l,qiO86E-02 

1.98178E-02 

3.31009E-03 

1.2883EE-03 

4.03896E-03 

7.24392E-03 

2.51933E-02 

3.76491E-04 

1.06196E-02 

1 .42589E-02 

7.52954E-03 

2.22103E-03 

8.18438E-03 

2.64318E-03 

3.2480 9E-03 


SPECTPiL  OFNSTTY  fCG!: 


V axle 


AHPLITlJOF  - UNITS**2/H7 


J 


3.0‘ieE+OC-  ♦ 

2.902E+QQ- 

2.8««E+QQ- 

2.786E+QC- 

2.683E>0a> 

2.58QF+QQ- 

2.476E+QC- 

2.173E+0C- 

2.270E+0Q- 

2.167F+00- 

2.ae4E>00< 

1.961E+00- 

1.857£t00- 

1.754&+0C- 

1.651E+0C- 

1.548E+00- 

1.445EtOO- 

1.341£t00- 

l.23!E*00-  ♦ 

1.1 35EtOO- 


1.0  32E*00- 
P.287E-01- 
8.2S5E-01- 
7.223E-01- 
6.1?1E-01- 
S.ISOF-Ol- 
4.127E-01- 

i.oqcE-oi- 

2.064E-01- 
1.0  32E-01- 

0 . • • 

0.  00 


♦ + 

♦ ♦ ♦ 

♦ < 
♦ ♦ ♦♦  ♦♦  4. 

E.FC  G.OO 

FPECUEKCV-H? 


♦ ♦♦  ♦ 4- 

♦ ♦♦.♦4«.*,44', 

7.50 


10.00 


12.50 


■ ♦ ♦ 

15 


( 


CDC  6600  CSP  Printout  V 

Reference  Program:  Processing  of  IR  data  for  stationary  target 

in  narrow  field  of  view. 

Tracking  Program:  Run  no.  88  using  above  referenced  data 


fJlC!TAL  CCRRPLATIOM  TRAeKCR  - REFEBE^rTN«  FRCGRlF 
.B9£C*8  RR  FICTLRES 

lTASnN6**rS5ei?*cilRBXMl^E8  APE  CRi»«lJ 
TARE  eUTRLT  flRTlON  18  I 

CONTRAST  ......KE6 


I 

} 


CrCPClK*TE  rpROP  AM*LVSIS 


«.  cj««««««*«**-****************--.rr. 

» criiiia  ottaataaaoitiffftffi  •■•■■■• 
» or 

» Ui 

» 

» X 

« •^«4«p4rumauf*iv'itnri99  ^*ki»ii%ii«'4*'4>'4>'4»r-r-r-«>«>«>»if 

«■  X 


» CL 
» Jt 

» 

» 


» 


» 

» 

» 

»aio «3  ••«» 


■» 

» 

4)^ 

» 


» 

' » 

» 


CKI^HPIf^^* 

«J« 

!!]•••« 

u • • 

IL 


v40'4)^O«*>*4D  ^89  9K^'4)'4D«^0 

o ^ oli  »■  » 53TO^  ■ *oo*  o«*m  ixi 

• ••  • ••#••••!•«;•»••••••  ac^ 


X 


» 

•» 


r^)cu«-* 


5»  r- ori'Ocr  r** 


1 


1 


? 

I 


»: 

i 


j: 


!![•■••••••■••  ------••••••••••  •■ 

UJO  O ■ I I I ■ • 


■■■■■■•OIIIIIIIOIOIII 


M ^^^.><fMaiw«Kwn«n^=t  jjyirwr  ■<>-<»  ■•r^-r-»-*>* 
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SICM4L AcTSf  RFTEB^'IKATICN 

sample  signal  KCISE  S/N 

IFVEL  LEVEL 


TRACKING  RUN  NO.  S6 


X DIMENSION  =16  Y DIMENSION _=  16 

X CENTER  =32  Y CENTER  = 32 

PRINTOUT  EVERY  99  FRAMES  _ 

INPUT  FROM  UNIT  1 

^^MES  SKIPPED.  99  FRAMES  PROCESSED 

FREQUENCY  = “30.00 
5 INPUT  BITS  USED 
ICOLPS  = 0 lOFF  = 0 

SCALOF  = 4,00  SFACX  = 5.00  SFACY  = 5,00 

AUTOMATIC  THRESHOLD  USED  FOR  EDGE  TRACKER 

LINEAR  PROCESSING  FOR  CORRELATION  TRACKER  __  

correlation  METHOD  - SUM  OF  ABS  VALUES 
UPDATE  AT  10  FRAMES(SKIP) 

LINEAR  PROCESSING  ABOVE  THRESHOLD  OF  - 20  FOR  CENTROID  TRACKER 


CENTROID  - X AXIS  GAIN  = 1.01916 


CENTROID 

- Y AXIS 

GAIN 

• 

.99941 

DIG  CORR 

- X AXIS 

GAIN 

1.00000 

DIG  CORR 

- Y AXIS 

GAIN 

r 

1.00000 

EDGE  - X 

AXIS 

GAIN 

.99A66 

EDGE““-'  Y 

AXIS 

GAIN 

,98813 
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SAMPLE  NO 


98 


RUN  NO.  *88 


INPUT  PICTURE 


(X  OFFSET  = -2. 


Y OFFSET  - -4) 


INPUT  DATA  diVIOEO  BY  2 


5 

5 

5 

5 5 

5 

'6 

'5‘ 

5 

5 

5 

5 

5 5 5 

5 

5 

5 

5 

r 

7 

'5  5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

5 

6 

6 

6 

5 5 

5 

6 

6 

5 

5 

6 

6 

6 5 6 

5 

5 

6 

5 

5 

6 5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 

5 

5 

5 6 

6 

6 

5 

5 

5 

5 

6 

5 5 5 

5 

5 

6 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 5 

5 

5 

5 

6 

6 

5 

5 

5 6 5 

5 

5 

5 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 5 

6 

5 

6 

5 

5 

5 

5 

6 6 5 

5 

5 

5 

5 

6 

6 5 

5 

5 

6 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 

6 6 

5 

6 

5 

6 

5 

5 

6 

6 6 6 

5 

6 

6 

5 

5 

5 5 

5 

5 

5 

6 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 5 

5 

5 

6 

6 

& 

6 

6 

5 5 6 

5 

6 

6 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

6 

5 

5 

5 6 

6 

5 

6 

6 

6 

6 

6 

5 6 6 

6 

5 

6 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 5 

5 

6 

6 

6 

6 

6 

5 

6 6 6 

6 

6 

6 

5 

5 

6 5 

6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 6 

5 

5 

6 

6 

6 

6 

6 

7 6 6 

6 

6 

6 

6 

6 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 

P 

5 6 

5 

5 

6 

6 

6 

6 

8 

B t i 

f 

9 

9 

9 

7 

5 5 

5 

6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 6 

6 

5 

6 

7 

9 

t 

i 

9 t » 

B 

9 

Z 

6 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

5 5 

6 

5 

6 

6 

7 

2 

f 

9 9 9 

B 

9 

B 

8 

6 

6 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 6 

5 

5 

6 

7 

9 

X 

B 

9 9 9 

9 

9 

2 

7 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 5 

6 

6 

6 

6 

8 

s 

f 

9 9 9 

9 

9 

B 

8 

6 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 6 

6 

6 

6 

6 

6 

8 

B 

9 9 9 

9 

B 

2 

7 

6 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

e 

5 5 

5 

5 

6 

6 

6 

7 

8 

8 8 8 

8 

7 

6 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

e 

5 6 

6 

5 

6 

6 

6 

6 

6 

6 6 6 

6 

6 

6 

5 

5 

5 5 

5 

5 

5 

6 

5 

6 

5 

5 

5 

5 

6 

5 

5 

5 5 

5 

5 

6 

5 

5 

5 

6 

6 5 6 

6 

5 

5 

6 

6 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 5 

5 

6 

6 

6 

6 

6 

6 

6 6 5 

6 

5 

5 

6 

6 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 5 

5 

6 

5 

6 

5 

6 

5 

6 6 5 

5 

5 

5 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 5 

5 

5 

5 

5 

6 

6 

5 

6 5 5 

5 

5 

5 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

6 

5 

5 5 

5 

5 

6 

5 

5 

5 

6 

5 5 6 

5 

5 

5 

6 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 5 

5 

5 

5 

5 

5 

5 

6 

5 5 5 

5 

5 

5 

6 

5 

5 5 

5 

6 

5 

5 

5 

6 

5 

5 

5 

5 

6 

5 

5 

6 5 

5 

5 

5 

5 

5 

6 

5 

5 5 5 

5 

5 

5 

5 

6 

6 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 6 

6 

5 

6 

5 

5 

6 

5 

6 6 5 

6 

6 

5 

5 

5 

5 5 

5 

5 

6 

5 

5 

5 

6 

5 

5 

5 

5 

6 

5 

5 5 

5 

5 

6 

5 

5 

5 

6 

6 5 5 

5 

5 

5 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

6 

5 

5 

5 5 

5 

6 

5 

5 

5 

5 

5 

5 5 6 

5 

5 

6 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 5 

6 

5 

5 

6 

5 

6 

5 

5 5 6 

5 

5 

5 

5 

5 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 

5 5 

5 

6 

6 

6 

6 

5 

6 

5 5 5 

6 

5 

5 

6 

6 

5 6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 

5 6 

6 

5 

5 

5 

6 

5 

5 

6 6 5 

6 

6 

5 

5 

6 

5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

5 

5 

5 •> 

5 

5 

6 

5 

6 

5 

5 

6 5 6 

5 

6 

6 

5 

5 

5 5 

5 

5 

5 

6 

5 

6 

5 

5 

5 

6 
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SAMPLE  NO,  98  RUN  NO,  88 

Vm  O GAAOiEN  TS  __  . 


input  data  oivioeo  by  2 


• • 
• • 
• 0 


9^ 

• • • 

• • 4 

• • • 

• • • 

• ^ • 


ft 


1 • 
• • 

• • 


• J 

• • 


• 

1 

1 

1 

1 


, , • 

_A-  -a- 

• • • 

• ft 

• • • 

• t 

• • 

-1 


• • 


• 

4 

3 

3 

3 


• • 
• • 
1 • 
• 1 
• • 
« t 1 
12  1 


• • • 

• • • 

• • • 

• • • 

• • • 

• • • 


• • 

• • 

• f 

• • 
• ■ 
1 • 

• • 


• • • 

■t  1-^ 


• • 

■ i A- 


• • 


• - •-  • 

X * ^ — 1 — I — * — *- 

, » Jt  . t-  « • • 


, , • 

, , • • 

• • • • 

, , , , 

• 

, , , • 

• t t. 


1 • 
•.  •- 


5 5 

6 5 

7 4 
2 8 7 


4 

4 

1 

• 

• 

1 1 

• 

• 

• • 

• 

• 

• • 

c 

3 

3 

1 

1 

A A 

• 

A__f  ..A. 

.t  _J-  .» 

V 

6 

f 

1 

^ - 

• 

■ — A 

• • 

• 

• 

• • 

• 

• 

• • 

i; 

3 

1 

• 

_ 

f • 

-t— 

-i— 

X~% — 

w 

6* 

2 

1 

• 

• 

• • 

• 

• 

• • 

• 

• 

• • 

A 

1 

.1 

f «.#  « 

. A 

■ 

A-.  A— 

9- 

• 

f . L ^ 

• • 

• 

• 

• • 

• 

• 

• 

. f 

• 

• 

• 

• • 

1 

• 

• 

. t- 

• 

• • 

• 

• 

• • 

• 

• 

• • 

A A 

• 

• • 

f. 

• • 

-X. 

• t 

• 

• 

. 

• 

• 

• • 

• 

• 

• • 

• 

• 

• • 

1 

f 

• . 

• • 

.Jl. 

. f_  # 

J 

. • 

f t 

• 

• 

• 

• 

• • 

• 

• 

• • 

• 

• 

• • 

1 

• 

• 

« • 

. • 

a 

A. 

_ t_ 

-A-  M . 

• 

•f- 

• 

• 

• • 

• 

• 

• 1 

• 

• 

• • 

0 

• 

• 

• f 

f 

• • 

1 



• • 

- — . 

A 

A 

• • 
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SAMPLE  NO.  98 
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TRACKING  ERRORS 


CENTPO 
■.1221 
. 0321 
•.  0 333 
-.1903 
-.  3676 
-.  2980 
-.4854 
-.2761 
-.3124 
-.3533 


10  - X 
-.1135 
-.0140 
-.1718 
-.2050 
-.3513 
-.2953 
-.4187 
-.3013 
-.2764 
-.3450 


AXIS 
-.0923 
-.1215 
-.1286 
-.1613 
-. 3330 
-.2484 
-.2591 
-. 3677 
-.2966 
-.3851 


-.1629 
-.0823 
-.2557 
-.2124 
-.3274 
-.4167 
-.3353 
-.3281 
-.4067 
-.  3452 


•.0133 
-.0846 
•.0253 
-.1038 
•.2940 
-.1752 
*.2182 
■ .2942 
-.3674 
-.4095 


.0566 
.1013 
-.  1511 
-.2516 
-.3609 
-. 3049 
-.3583 
-. 3190 
-.3590 
^3763 


. 0739 
.2777 
-.2973 
-.2101 
-.1391 
-.2960 
-.3087 
-.2490 
-.5001 
-.4987 


CENTPOIO  - V 
-.0012  .0928 

AXIS 

.0695 

-.0047 

. 0368 

-.0021 

-.0050 

. 0095 

.0167 

. 0434 

.0006 

-.0609 

.0543 

.0461 

. 0093 

. 1056 

. 0861 

. 0603 

.0  469 

-.  0000 

.0321 

• . 0104 

-.0431 

-.0311 

.0199 

-.0162 

-.0246 

. 0 397 

. 0474 

.0143 

. 1028 

.1015 

.0177 

-.0135 

-.0235 

- . 0668 

-.1412 

-.0164 

-.1162 

-.0744 

-.0080 

. 03  87 

. 0325 

.0679 

.0182 

.0993 

. 0005 

.0018 

» 0375 

. 1072 

.1131 

.1026 

-.0141 

.00  89 

. 0200 

. 0604 

. 2542 

.2992 

.2811 

.2371 

. 0801 

. 0744 

. 0889 

. 0878 

. 0795 

. 1674 

.0647 

.0614 

.1230 

.1108 

OIG  CORR  - X 
■.0019  -.0748 


. 0942 
'.  0326 
■.  0972 
-.2691 
• . 2944 
-.  2806 
-.3088 
-.2490 
-.2785 


-.0353 
-.  10  84 
-.1729 
-.  3060 
-.3737 
-.3404 
-.3523 
-. 3596 
-.3076 


OIG  CORR  - Y 


-.0183 
. 0695 
. 0443 
.0194 
. 0399 
. 0039 
. 1002 
. 1459 
. 1602 
.1965 


-.0137 
. 0 f 1 3 
. 0696 
. 0250 
. 0 309 
-.0075 
.1274 
. 1696 
. ? 1 16 
.1839 


AXIS 
. 0596 
. 0586 
-.1611 
-. 1025 
-.3595 
-.3015 
-.3072 
-.3215 
-.3800 
-.2892 

AXIS 
-.0110 
. 0655 
.1307 
. 0 384 
. 0394 
.0213 
.1314 
.1193 
.2016 
. 2079 


>.  0613 
.0194 
-.  1338 
-.1842 
-.3027 
-.3612 
-.3623 
-.2687 
-.4383 
-.3136 


.0177 

.0341 

. 0932 

. 0205 

. 0470 

.0231 

.1382 

.1048 

.1847 

.1565 


.0191 
.0566 
•.0579 
-.0886 
• .4262 
-.2354 
-.3015 
-.2803 
-.2761 
-.2942 


.0191 
.0397 
.1107 
.0329 
.0151 
.00  35 
.1552 
.1099 
.1869 
.1487 


.0319 
.0781 
-.1347 
-. 1902 
-.3000 
-. 3400 
-.3011 
-.2835 
-. 3626 
-.3391 


.0470 

.0592 

.0813 

.0406 

.0139 

.0274 

.1141 

.1319 

.1515 

.1853 


.0526 

-.0039 

-.1829 

-.2409 

-.2860 

-.3778 

-.3346 

-.2150 

-.3454 

-.3135 


-.  0359 
. 0539 
.0055 
.0540 
-.1206 
-.0032 
. 0576 
. 0375 
.0607 
.1276 


.0935 
. 0938 
-.1120 
-.1819 
-.2890 
-.2940 
-.3306 
-.2411 
-.3436 
-.2816 


.0487 

.0899 

.0408 

.0406 

-.0296 

.0201 

.0993 

.1075 

.1426 

.1765 


. 0988 
.0293 
-.1834 
-.1504 
-.}899 
-.4800 
-.4102 
-.  1944 
-.2839 


■•  0535 
. 0097 
. 0821 
. 0476 

-.0658 
-.0547 
. 0645 
. 1596 
. 0936 


.0664 
•.0116 
- u 1 5 1 5 
-.2157 
-.3637 
-.3557 
-.3975 
-.2893 
-.3646 
-.3465 


.0367 
. 0904 
.0405 
.0802 
-.0334 
. 0367 
.1110 
.1032 
.1331 
.2119 


.0719 
■.0033 
■.1508 
• . 1957 
-.3495 
-. 3664 
-.3535 
-.2917 
-.  2832 


. 0370 
. 0607 
. 0333 
.0697 
-.0111 
. 0730 
.1381 
. 1466 
.1453 


•.I486 
-.0160 
-.0836 
-.48  63 
-,38C1 
-.2062 
-.3091 
-.30 14 
-.4428 


.0059 

.0062 

.0429 

.0510 

-.1289 

.0093 

.1100 

.1741 

.0974 


■.0791 
■.0477 
■.1352 
-.35  65 
-.3290 
-.2976 
-.3258 
-.3993 
-.3326 


.0447 

.0457 

.0138 

.0624 

-.0091 

.0875 

.1452 

.1805 

.1805 


EDGE 
. 06S1 
. 01S6 
. 3916 
-.?446 
-.3423 
1376 
-.6047 
-.4792 
-.3510 
-. 1464 

EDGE 
. 3766 
-. 1051 
-.0307 
-. 1622 
. 0076 
■. 1074 
. 0006 
■.0951 
. 5004 
>.  0926 


X AXIS 
-.  0691 
-.0626 
-.1220 
-.  0496 
-.3270 
-.4260 
-.4321 
-.4569 
-.3066 
-.4617 

r AXIS 
.4942 
>.0620 
. 0273 
■.  2914 
■.2150 
■.  1973 
•.1563 
•.  1604 
.5695 
.1156 


-.2496 
. 0261 
.0151 
-.0666 
-.3166 
. 0306 
-. 1995 
-.5939 
-.0991 
-. 1303 


.3774 
. 1264 
-.0395 
-. 11C9 
.5266 
-.2433 
. 0339 
-.1779 
.7611 
-.0590 


-.4562 
-.2820 
-. 1396 
.0513 
-.3525 
-.5305 
-.4936 
-.2967 
-.4241 
-.3942 


•.1935 

-.2241 

-.1576 

>.1503 

.1525 

■.I960 

•.0751 

•.1617 

.4157 

•.0187 


.1661 
-.7222 
. 1965 
-.3113 
■.3167 
■.  3234 
■.2929 
■.0762 
■.4294 
•.4065 


-.1478 
■.3147 
.0511 
■.1529 
. 1609 
■.0905 
■.1004 
■.1632 
.1961 
•.0579 


. 6066 

. 1560 

. 0909 

. 0406 

- . 4646 

.2676 

1.3034 

-.0720 

. 3669 

.0109 

-.0639 

-. 2215 

-.0770 

-.2101 

-.1092 

-.2496 

-.2405 

. 0676 

-.1185 

-.7329 

-.2645 

1.0456 

-.3247 

.4222 

-.3061 

. 0585 

-.4167 

-.8179 

-.5685 

.4356 

.2968 

-.3030 

-.6106 

-.4365 

-. 1064 

-.3111 

-.4656 

-.6364 

-.5511 

-.6411 

-.1968 

-.3904 

-.6119 

. 2995 

-.6130 

-.4569 

-.2605 

-.2661 

-. 2227 

-.  1609 

-.2143 

-. 1793 

-.1504 

-. 1959 

-.0066 

-.0113 

-. 3447 

-.1912 

-.0361 

. 0006 

-.0419 

-.0340 

-.1265 

-. 0420 

-.0964 

-. 1022 

-. 1172 

-.1007 

-.2030 

-.1961 

-.2802 

-.2084 

-.2068 

-. 1654 

-.1335 

-.2162 

-.  1369 

-.0719 

-.0983 

. 0252 

-.1857 

.0111 

-.0654 

-. 1216 

-.0394 

-.  1070 

.0625 

.1154 

.0734 

. 0111 

-.1698 

. 0790 

-.0109 

-. 1443 

.0230 

-.2035 

__f. ILTFREO  T RftCKER  0 A T ft 


CENTROID 


0.0000 

0.0000 

-.0865 

-.1505 

-. 0497 

-.0409 

-.0502 

-.0813 

-.0506 

-.1005 

-.  1392 

-.1985 

-.1264 

-. 1600 

-.1895 

-.2021 

-.3858 

-.4125 

-.3665 

-.3240 

-. 3232 

-.3308 

-.2866 

-.3116 

-.3720 

-.3968 

-.3718 

-.3232 

-.3192 

-.2830 

-.3076 

-.3404 

-.2850 

-.3116 

-.3046 

-.3349 

-.3643 

-.3714 

-.3686 

-.3601 

CENTROID  - Y 

AXIS 

0.0000 

0.0000 

. 0537 

.0598 

-.0055 

.0182 

. 0341 

. 0268 

-.0003 

. 0374 

. 0847 

.0947 

. 0378 

-.0136 

- . 0458 

-.0268 

.0518 

. 0337 

. 0504 

.0857 

-.0974 

-. 1056 

-.0790 

-.0750 

-.0040 

. 0426 

. 0549 

. 0633 

.1084 

. 1163 

.1114 

.0594 

. 2172 

.2748 

. 3008 

.2791 

. 0982 

. 0890 

. 1129 

.1136 

DIG  CORR  - X 

AXIS 

0.0000 

0.0000 

. 0006 

-.0166 

. 00  30 

-. 0015 

. 0241 

. 0323 

-.0483 

-.0711 

-.1186 

-.1514 

, -.1265 

-.1283 

-. 1275 

-. 1483 

1 -.3022 

-.3138 

-.3264 

-.3283 

! -.3262 

-.3262 

-. 3260 

-.3392 

1 ^ -.3075 

-.2972 

-.3078 

-.3368 

' -.3260 

-.3187 

-. 3257 

-.3089 

-.3332 

-. 3275 

-. 3436 

-. 3983 

-.2973 

-.2937 

-.2927 

-. 3015 

DIG  CORR  - Y 

AXIS 

0.0000 

0.0000 

-.0110 

-.0041 

. 0509 

.0715 

. 0787 

.0606 

. 0424 

. 0545 

. 0965 

.1184 

. 0180 

.0190 

. 0286 

.0311 

. 0672 

. 0426 

. 0292 

.0348 

-.0014 

. 0023 

. 00  81 

.0174 

. 0973 

.1153 

.1289 

. 1375 

.1507 

. 1605 

. 1486 

.1223 

.1727 

.1923 

. 2034 

. 2007 

.1838 

. 1968 

.2016 

.1852 

.1146 
.0992 
. 1587 
. 1658 
. 3005 
.2894 
-.2608 
-.3341 
-.3730 
-.3754 


. 0355 
•.  0222 
. 0685 
•.  0C32 
. 0787 
-.0769 
.0  431 
. 0073 
.1836 
.0  874 


•.0107 
. 0445 
-.1229 
•.1363 
-.3635 
-.3048 
-.3362 
-.2823 
-.3790 
-.3034 


.0125 
. 0394 
,1172 
. 0306 
.03  34 
.0171. 
.1465 
.1031 
.1899 
. 1606 


-.0143 

-.0217 

-.1174 

-.1750 

-.3177 

-.2729 

-.2755 

-.3136 

-.3838 

-.3865 


. 0074 
-.0233 
.0259 
-.0039 
. 0265 
-.0562 
.0147 
-. 0080 
. 0870 
.0812 


.0090 
.0613 
-.1003 
-.1459 
-.  3606 
-.2946 
-.  3162 
-.2712 
-.3447 
-.3165 


.0340 
.0392 
.0976 
. 0334 
. 0221 
.0180 
.1385 
.1099 
. 1699 
.1577 


. 0742 
.1459 
-. 1688 
-.2037 
-. 2643 
-.2713 
-.3091 
-.2807 
-.4222 
-. 4335 


-.  0053 
.0173 
.0094 
. 0047 
-.0233 
•^.0014 
.0080 
. 0238 
. 0505 
.0999 


.0562 
. 0837 
>.1011 
-.1676 
-.3240 
-.2956 
-.3084 
-.2609 
-.3279 
-.3109 


. 0931 
.1772 
-.2267 
-.2365 
-.2320 
-.3237 
-.3372 
-.2407 
-.4194 
-.4142 


-.0207 

.0588 

.0076 

.0325 

-.0759 

.0272 

.0325 

.0499 

.0569 

.1233 


.0842 
.0569 
-.1288 
-.2008 
-.3208 
-.  3250 
-.3453 
-.2656 
-.  3460 
-.3182 


. 0485 
. 0645 
.0664 
. 0392 
-.0049 
.0196 
.1160 
. 1177 
.1498 
. 1707 


. 0869 
. 0926 
-.  2271 
-.2121 
-.  2073 
-.4130 
-.  3697 
-.  2031 
-. 3566 


-.  0406 
. 0507 
. 0365 
. 0551 
-.0952 
-.0018 
. 0611 
. 0986 
. 0789 


. 0656 
.0101 
•.  1506 
•. 2117 
-.3445 
>. 3560 
-.3741 
-. 2807 
-.  3332 


.0467 
.0696 
. 0406 
.0575 
-.0294 
.0260 
.1014 
.1139 
.1348 
.1947 


-.0069 

-.0109 

-.1530 

-.2950 

-.2715 

-.3784 

-.3642 

-.2273 

-.3455 


-.0326 

.0193 

.0586 

.0588 

-.1097 

-.0230 

.0899 

.1529 

.0951 


.0165 

•.0349 

>.1523 

-.2667 

-.3538 

-.3477 

-.3627 

-.3356 

-.3186 


. 0406 
. 0873 
. 0291 
. 0725 
-.0318 
. 0494 
. 1130 
. 1211 
. 1344 


.03  79 
.06  32 
.0223 
.0817 
-.0161 
.0763 
.1363 
.1512 
.1549 
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FILTERED  TRACKER  DATA  (Continued) 


EDGE  - X AXIS 


0.0000 

0. 0000 

-. 1060 

-. 3126 

-.2319 

.2013 

.4451 

. 3312 

. 0857 

-.2278 

-.2752 

-. iolO 

-.0021 

-.0590 

-.3652 

-.3290 

.4327 

. 7274 

. 5457 

.1429 

.099<« 

. 3729 

.0312 

-.0753 

-.0128 

. 0316 

-.0643 

-.1424 

-.1904 

-.1647 

-.1771 

-. 1424 

-.0902 

-.0062 

-.0869 

' . 2222 

-.2959 

-.1585 

-.  0425 

-.2740 

-.4901 

-.  *925 

-. 3554 

-.2926 

-.3018 

-.3024 

. 2227 

.3604 

. 3294 

.0073 

-.1080 

-.3474 

-.2486 

-.2672 

-.3267 

-. 2291 

-.1967 

-.4510 

-.6843 

-.3196 

-. 1206 

-. 2337 

-.3712 

-.4229 

-.3786 

-.0960 

. 0071 

-.2432 

-.5181 

-.4426 

-. 3316 

-. 3534 

-.5022 

-.4950 

-.2890 

-. 1671 

-.2694 

-.5066 

-.  6374 

-.6569 

-.5263 

-. 3642 

-.1899 

-.2116 

-.3403 

-. 3712 

-.3436 

-.4293 

-.2270 

-.20  83 

-.2237 

-.3548 

-.3142 

-.2987 

-.3382 

-.4260 

-.4067 

-.3170 

EDGE 

- Y AXIS 

0.0000 

0. 0000 

. 3449 

.2663 

-.0273 

-.2674 

-.2769 

-.2141 

-. 1719 

-.1578 

-.1336 

-.  0922 

.0133 

-.0193 

-.1820 

-.2872 

-. 1933 

-.0362 

-. 0912 

-.2101 

-.1956 

-.0563 

.0253 

-.0360 

-.0596 

-.0404 

-.0036 

-. 0094 

-.  0269 

-.0770 

-. 1347 

-.2213 

-.2198 

-.1709 

-.1326 

-.0936 

-.0750 

-.0606 

-.1052 

-.1148 

-.0674 

-.0900 

.1157 

.2717 

.2841 

.0464 

-.1638 

-.3052 

-.2860 

-.2263 

-. 1529 

-.1400 

-.1873 

-.2244 

-.1601 

-.1356 

-.1219 

-. 1632 

-. 1782 

-.1360 

-.0500 

-.0505 

-.0417 

-.0461 

-.0652 

-.0961 

-.0613 

-.0772 

-. 0656 

“ • 06  4 3 

-.0700 

-. 1242 

-.1750 

-.1086 

-.1740 

-. 1440 

-.0901 

-.0681 

-.0179 

• 0606 

.2716 

.5012 

.7055 

.6657 

.4159 

.1361 

-.0156 

-.1049 

-. 0667 

-•0047 

-.0072 

-.0753 

-.1064 

-.0707 

-.0366 

-.0701 

-.0657 

-.1024 

359 


spectral  OENSITY  centroid  “ X AXIS 


!EQ  - H2  AMP 

- UNITS»*2/HZ 

FREQ  - HZ  AMP  - UNITS 

••2/HZ 

— 

2.50000E-01 

4. 38936E-03 

7.75000E»00 

9.28530E-05 

5.00000E-01 

6.490a0E-03 

a.OOOOOE^OO 

1.28658E-05 

7.50000E-01 

4.1212aE-04 

a.25000E«00 

8.53763E-05 

l.OOOOOE^OO 

1.01372E-03 

a.sooooE^oo 

1 .82631E-05 

].25000E«00 

9.67lj9aE-05 

a.75000E«00 

4.2a427E-06 

l.SOOOOE^OO 

1.2'^091E-03 

9.00000E«00 

1.96320E-05 

1.75000E«00 

4.620781-04 

9.25000E«00 

3.05904E-06 

2.00000E400 

2.53211E-03 

9.50000E«00 

9.31013E-06 

2.25000E«00 

1.89996E-04 

9.75000E«00 

1.206iaE-0S 

* 

2.60000F»00 

1. 39952E-03 

1.00000E»01 

1 .43539E-05 

2.75000E400 

1.42220E-04 

1.02S00E«01 

1 .41375E-06 

3.00000E«00 

1.55686E-03 

l.OSOOOE^Ol 

6.52241E-06 

3.2S000E«00 

2.00248E-03 

l.OZSOOE^Ol 

2.95347E-06 

* 

3.5000CE«00 

5.65601E-05 

l.lOOOOE^Ol 

1.360a3E-05 

3.7S000E«00 

1.02942E-03 

l.IZSOOE^Ol 

1.82928E-05 

4.0000  OE^OO 

1.91316E-04 

i.lSOOOE^Ol 

1.34823E-06 

4.25000E«00 

1. 33842E-04 

1.17500E^01 

1.75724E-05 

4.500b0E«00 

1.59297E-04 

1.20000E^01 

1.79473E-06 

4.75000E«00 

1.50182E-04 

1.2E500E»0l 

1.51079E-06 

’ 

S.OOOOOE^OO 

6.57852E-04 

1.25000E»01 

5. 76677E-06 

5.25000E«00 

1.03324E-04 

1.27500E»01 

2.17722E-05 

S.SOOOOE^OO 

3.25312E-04 

1.30000E«01 

7.85771E-06 

S.75000EtOO 

1.51709E-04 

I.32500E«01 

5.90235E-06 

— 

6.00000E«00 

4.63176E-05 

1.35000E»01 

1.49782E-06 

6.2S000E«00 

1.75788E-04 

1.37500E»01 

1.96094E-06 

6.50000E«00 

2.63609E-04 

1.40000E«01 

8.58714E-06 

6,75000F*00 

4.08721E-04 

1.42S00E«01 

5.86310E-06 

w. 

7.00000E«00 

2.94017E-04 

1.45000E«01 

2.95373E-07 

7.25000E«00 

7.95243E-05 

1.47900E«01 

2.32100E-05 

7.50000E«00 

3.05900E-05 

l.SOOOOE^Ol 

1.66a63E-05 

SPECTRAl.  JENSITY- 


amplitude  - UNITS**2/HZ 

6.491E-03-  ♦ 

6.274E-03- 

6.09SE*03* 

5.842E-03- 
5.625E-03- 
5.409E-03- 
5.193E-03- 
4.976E-03- 
4.760E-03- 
4.544E-03- 
4.327E-03-  ♦ 

4.111E-03- 

3»894E«03'” 

3.678E-03- 

3.462E-03- 

3.245E-03- 

3.029E-03- 

2.813E-03- 

2.596E-03-  ♦ 

2.380E-03- 

2.164E-03- 

1.947E-03-  ♦ 

1.731E-03- 

1.515E-03-  ♦ 

1.298E-03-  ♦ ♦ 

1.082E-03-  ♦ ♦ 

8.654E-04- 
6.491E-04- 
4.327E-04-  ♦ ♦ 

2.164E-04-  , < ♦ < 

'6«  < 
0.00  2.50 

FREOUENCY-HZ 


5.00  i 


10.00 


12.50  15.00 


B' 


SPECTRAL  density  CENTROID  - Y AXIS 


PREQ  - HZ 


AMP  - UNITS**2/HZ 


2.50000E-01 

5.00000E-01 

7.50000E-01 

1.  QOOOOE^OO 
1.25000E>00 
l.SOQOQE^QQ 
1,75000E*00 

2.  aOQQOE^QQ 
2.25000E*00 
2.SaQQQE>QQ 

2.75000E>00 

3.  QQOOQE^QQ 
3.25000E»00 
3.50000E ♦OO 
3.75000E^00 
L.OOQOOE^OQ 
4.25000E>00 
L.SQQQQE^QO 
4.75000E^00 

OOOOQE^QQ 
5.25000E*00 
S.SOOQOE^QQ 
5.75000Ev00 
6.  OOOQOE^OO 
6.25000E+00 
6.50000E«QQ 
6.75000E*00 
7.00000E«QQ 
7.25000E+00 
7.5d000E+00 


1. q7012E-03 
3.7868‘>E-03 
i.08296E-03 
4.6e020E>06 
4.69540E-04 
3.07937E-03 

2. Q4927E-04 
3.12555E-04 
1.74923E-03 
5.75993E-04 
5.57294E-04 
9.83982E-04 
2.92662E-04 
6.57993E-04 
1.59612E-05 
2.09870E-05 
1.65716.E-05 
5.45950E-04 
1,07592E-04 
8* 15463E-05 
7. 1S358E-05 
2. 7S715E-04 
2.36018E-05 
1.9993'2E-04 
1.57057E-05 
1.06730E-05 
7.93873E-05 
1.43722E-06 
8.,29647E-06 
1.00611E-C5 


FRED  - HZ 


AMP  - UNITS**2/HZ 
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7.75000E+00 

8.00000E^00 

8.2SOOOE^OO 

8.50000E^00 

8.7S0q0E«00 

9.00000E*^00 

9t25000E+00 

9t50000E^00 

9.75000£«00 

l.OOOOOE^Ol 

1.02500E+01 

l.OSolOEfOl 

l.07500e+01 

l.lOOOOE^Ol 

1.12500e^01 

1.15000E+01 

1.1_7500E^01 

i.200b0E*01 

1.22500E+01 

l.25000E*0l 

l.r7500E^01 

1.3')000E*  :i 

l.3cElSc:*01 

1.35d00E*P-: 

l,37500t^0! 

1.40000E»01 

1,42500E^01 

1.4S00aE^01 

1.47500E^01 

i.500b0E*01 


2.27570E-05 

3.19426E-06 

1.47498E-05 

3.36065E-06 

4 . 44552E“ 06 

2.74302E-05 

1.38672E-06 

8.96753E-07 

2.98640E-06 

1.53281E-06 

1.57828E-06 

2.93213E-07 

l,57%2£-’06 

1.47471E-06 

7.26090E-07 

1.26993E'0fe 

4,81477£-()6 

6.95119E-07 

7.35221E-07 

6.80514E-07 

3.36946E-06 

1.32226E-06 

2.56339E-06 

1,3  1524E-06 

5.89036E-06 

1.27295E-06 

5.40979E-06 

7.99229E-07 

3.74692E_-07 

1.53392E-06 


i):  1 


3.787E-03- 
3.661E-03- 
3.534E-03- 
3.408E-03- 
3.282E-Q3- 
3.156E-03- 
3.029E-03- 
2.903E-03- 
2.777E-03- 
2.651E-03- 
2.525E-03- 
2.398E-03- 
2.272E-C3- 
2«146E-03- 
2.020E-03- 
1.6O3E-03- 
1.767E-03- 
1 •641E-0  3« 
1.515E-03- 
1.389E-03- 
1.262E-03- 
1.136E-03- 
l.OlOE-03- 
8.836E-04- 
7.574E-04- 
6.311E-04- 
5.049E-04- 
3.787E-04- 
2.525E-04- 
1.262E-04- 
0. 


♦ ♦ ♦ ♦ ♦ 

♦ ♦♦  ♦ 

0.00  2*50  5.00 

FREQUENCY-MZ 


7.50 


10.00 


12.50 


15.00 
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n: 


S i 


4 'll 


I :• 

- i ; 

Jj 

'i 

i"i 


i 


i 

i spectral  density 

DIG  CORR  - X a; 

! 

FREQ  - HZ  AMP 

- UNITS**2/HZ 

2.5Q00QE-Q1 

9.18274E-03 

; 5.Q0000E-Q1 

7.60651E-03 

' 7.50000E-01 

7.65493E-04 

l.QQOOQE^QQ 

4.96279E-04 

1.25000E*00 

2.2a311E-04 

l.SQOQQE^QQ 

2.39269E-03 

' 1.75000E*00 

5t«8420E-05 

\ 2.QQQQ0E«QQ 

7.9C493E-04 

2.25000E*00 

4,40653E-05 

2. 50000^*00 

a.309l9E-05 

^ 2.75000E+00 

7.55480E-05 

3.000QQE*QQ 

4.35006E-04 

i 3.25000E+00 

1. 10397E-04 

I 3f5QOOOE^QO 

8.20162E-05 

i 3.75000E*00 

1.39302E-04 

L.  COCaOE^QQ 

l,«61«6E-05 

^ 4.2500QE«OQ 

9.88481E-06 

4.50QQQE«QQ 

3#06283E-05 

4.75Q00E«0Q 

2.78718E-05 

S.OOOQQE^QQ 

9.97410E-05 

5.25000E*00 

1.65397E-05 

S.SOQOQE^QQ 

6.74055E-06 

5.75000E»00 

4.76690E-05 

e.OOOOQE^QQ 

3.15555E-04 

1 6.25000E*00 

3.15357E-05 

{ &.50000E«QQ 

1.52514E-05 

1 6,.75000E*00 

1.05251E-04 

j 7.00000E»00 

3.74323E-05 

7.25000E*00 

9.89050E-07 

7.50000E*00 

1.73321E-05 

m 


FREQ  - HZ 


AMP 


UNITS**2/HZ 


7.75000E*00 

7.378XOE-05 

B.OOOOOEt-OO 

2.22494E-05 

B.25000E»00 

1.70781E-05 

8 .SDOOOE^OO 

8.62121E-06 

8.75000E«00 

9.07738E-07 

9.00000E»00 

5.5863BE-06 

9.2SOOOE»0O 

1.21782E-06 

' ’ 

9.50000E«00 

6.302&OE-06 

9.75000E*00 

8.88108E-06 

l.OOOOOE^Ol 

3.39323F.-06 

1.02500E*-01 

2t9254lE-0b 

i.OSOOOE^Ol 

1.22855E-06 

l.07500E*01 

1.30323E-C5 

1.10000E«01 

3.24920E-06 

1.12500E*01 

6t42077E-06 

— 

1,15000E»01 

2.62448E-06 

l,l7500E*0l 

3.l6662E_-06 

l,2'OOOOE*bl 

!• 0 4362E*06 

l,22500E*0l 

2.41461E-0& 

— 

1.25000E+01 

1.69368E-06 

l,27500E*0l 

7.26815E-06 

1.30000E«01 

1.97735E-06 

l,32500E*01  . 

1.75553E-06 

"lf35000E»01 

3.95729E-06 

i.375gge*oi 

9.08181E-06 

1.40000E»01 

3.19288E-06 

1.42500E+01 

4.57659E-06 

1.45000E»01 

7.56354E-06 

l,4750DE*01 

3.67969E-06 

l.SOOOOE^Ol 

2.53213E-05 

1 

I 


I 


spectral  density  OIG  CORR  - X AXIS  . . 


amplitude  - UNITS**2/HZ 


9. 

8. 

8. 

8. 

7. 

7. 

7. 

7. 

6. 

6. 

6. 

5. 

5. 

5. 
4. 
4. 
4. 
3. 
3. 
3. 
3. 
2. 
2. 
2. 
1. 
1. 
1. 
9. 

6. 

0. 


183E< 

877E- 

571E- 

264E* 

958E- 

692E- 

346E* 

040E* 

734E- 

428E- 

122E- 

816E< 

SIDE- 

204E< 

897E- 

591E- 

285E- 

979E- 

673E- 

367E- 

061E* 

755E* 

449E> 

143E* 

837E* 

530E- 

224E* 

183E" 

122E- 

061E- 


03- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 
0 3- 
03- 
03- 
03- 
0 3- 
03- 
03- 
03- 
03- 
03- 
03- 
03- 

03- 

04- 
04- 
04- 

-♦ 

0. 


♦ t 


00  2. so 

FREOUENCY-HZ 


5.00 


7.50 


10.00 


12.50 


15. 
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- - 


spectral  density  dig  CORR  - V AXIS 


FREQ  - HZ  amp  - UNITS**2/HZ 


2.5C000E-01 

1.54720E-03 

E.fiOOOOE-01 

2. 87464E-03 

7.*J3000E-01 

2.27514e-0<* 

l.OOOOOE^OO 

1.56717E-04 

1.25000E400 

6.06593E-04 

l.SOOOOE^QQ 

3.4d687£-04 

1.75000E+00 

1. 15766E-04 

Z.OOOOOE^OO 

2.62357E-04 

2.25000E+00 

9.72105E-05 

2.50000E+00 

7.65430E-05 

2. 7S000E^00 

1. 38241E-04 

3.00000E+00 

1.96266E-04 

3.25000E^00 

2.26716E-04 

3.50000E^00 

1.00236E-05 

3.75000E*00 

5,  i0896E>06 

L.OOOOOEtOO 

5.67673E-05 

<.,  25000E  + 00 

7.  i3264E-06 

A.SOOOOEtOO 

2.07144E-04 

fc.75000E+00 

2.04514E-05 

E.OOOOOE>O0 

3.13125E-05 

5.25000E+00 

6.09749E-05 

5.50000E+00 

4.33532E-05 

5.75000E>00 

8.47179E-05 

6.0CU00E«00 

1.37732E-06 

6.25000E+00 

5.04743E-r7 

b.SOOOOEtOO 

2.96401E-06 

e.75000E»00 

3.35168E-Q6 

7.00000E+00 

1, 17396E-06 

7.25000E+00 

3.17579E-06 

■■  7.50000E*00 

3.982a5E-06 

FREQ  - HZ  AMP  - UNITS**2/HZ 


7.75000E*00 

7.50479E-07 

8.00O00E^00 

3.21128E-07 

8.25000E«00 

2.56503E-06 

8.50000E»00 

5.89576E-06 

8.75000E^00 

2.68131E-06 

9.5ooooe^oo 

1.58213E-06 

9.2500aE^00 

1.76625E-07 

9.50000E^00 

4.59149E-C7 

9.75000E^00 

8.93561E-07 

l.OOOOOE^Ol 

9.78380E-07 

1.02500E^01 

2.83822E-07 

1,05000E*01 

2.56274E-07 

1,07500E*01 

3.38748E-08 

l.lOOOOE^Ol 

1.83272E-07 

1.12500E*01 

3.94121E-07 

1.15000E*01 

1.79712E-06 

1.17500E*01 

4.7J481E".07 

i.z'obooE^oi 

6.07392E-07 

1,22500E*01 

2.98657E-07 

1,25000E»01 

5.83891E-07 

l,27500E*0l 

1.01424E-06 

1.30000E*01 

3.69187E-07 

1,32503E_*01 

1.27564E-07 

1.35000E+01 

1.3208eE-06 

1,37500E*01 

S.88939E-07 

1.40000E»01 

8.87029E-07 

1.42500E»0I 

1.45788E-08 

1.4S000E»01 

3. 1 5947 E- 07 

1.47500E*  01 

3.76692E-07 

“l  ,50d00E*01 

9.05182E-07 
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AMPLITUDE  - UNITS**2/HZ 

~ 27e75e^0  3-  ♦ 

2.T79E-03- 
2.683E-03- 
2*587E-03- 
2.491E-03- 

2i.3SfiirJU" 
2.300E-03" 
2.204E-03* 
2.10SE-03- 
2.ai2E-03- 
1.916E-03- 
1.82iE-03- 
l,725E-03- 
1.629E-03* 
1.533E-03-  ♦ 
1.437E-03- 
1.341E«03« 
1»246E«03« 
1.150E-03- 
1.Q54E-03- 
9.582E-04- 
8,62<t£-04- 
7»666E*04* 
6.707E-04- 
5.749E-04 
4,791E-04 
3.833E-04 
2#875E-.04 
1.916E-04 
9.S82E-05 


SPECTRAL  DENSITY  EDGE  - X AXIS 


PREa  - HZ 


AMP  - UNITS**2/HZ 


FREQ  - HZ 


AMP  - UNITS**2/HZ 


2.S0000E-01 

1.  96266E-03 

7.75QOOE^OO 

1.33087E-03 

OOOOOE-Ol 

2.63157E-03 

8.00000E^00 

2.96031E-04 

7.50000E-01 

9.17385E-03 

8 .25000E^00 

2*Q$035E-C3 

ItOQQOQE^OO 

4.6G236E-03 

8.50000E^00 

2.98218E-04 

1.25000E^00 

9. 49434E-03 

8.75000E^00 

.8.65027E-05 

l.SOOOOE^Oa 

2.88198E-03 

9.oboooE^bo 

7.94493E-04 

1 .ZSOQOE^OO 

5. 38230E-03 

9.25000E^0O 

3.27779E-04 

2. OOOOOE^OQ 

1.49989E-02 

9.50000E^00 

2.53189E-04 

2.25Q00E^00 

1.51249E-02 

9.75000E^O0 

2.02552E-04 

2.50000E^00 

8.68604E-04 

l.OOOOOE^Ol 

2.26602E-04 

2.750QQE^QQ 

4. 88G84E-03 

1.02500E^01 

5.67779E-06 

3.  OOOOOE^QO 

1.35196E-02 

l.bSOOOE^Ol 

8.44918E-05 

3.2S000E»0Q 

1. 04642E*02 

1.07500E^01 

3.02999E-04 

3.5Q000E»00 

3.92882E-03 

l.lOOOOE^Ol 

7.53468E*05 

3.75000E»00 

2.15778E-03 

I.IZSOOE^OI 

9>30908E-05 

<».  00000Et00 

3.42338E*03 

1.15000E^01 

4.11364E>05 

(•.ZSOOOEtOO 

1.04668E>02 

1.17500E^01 

4.86990E«Q5 

<»«sboooEtdo 

'1.43096E-03 

I.20000Et01 

2.37261E*05 

<«.75000Et00 

2.94393E-03 

1.22500E^01 

7, 18279E-06 

S.OOOOOEtOO 

9. 18675E-03 

l.ZSOOOE^Ol 

3.11130E-05 

S.25000Eta0 

2.  22216E-03 

1.27500E^0l 

t*09819E-04 

S.SOOOOF^OO 

1. 20747E-02 

1.30000E^01 

9.21748E-05 

5,75000E»00 

5.45803E-03 

1.32500E^01 

1.49614E-05 

6«  OObO  OE^OO 

5.81054E-03 

1.35000E^01 

7.37e94E-C5 

E.25000Et00 

4. 21027E-03 

1.375QQEt01 

I.6G745E-04 

b.SOOOOEtOO 

3.46939E-03 

1.40000E^01 

2.98992E-04 

6.75000Et00 

6 .02138E-03 

1.425Q0E^Q1 

3.428EEE-04 

7.00900E«00 

2. 16108E-03 

1 .45000Et01 

5.14564E-05 

7.25000E«00 

1.03307E-03 

l.47500E^01 

3.45909E-05 

7. 500  obi:  ♦00* 

8.44457E-04 

l.SOOOOEtOl 

2.24646E-04 

■ \ 


A: 

i 


AMPLITUDE  - UNITS**2/HZ 


1.512E-02-  ♦♦ 

1.462E-02- 

1.412E-02- 

1.361E-02-  ♦ 

1.311E-02- 

1.260E-02-  ...... 

1.2io’E-02-  ♦ 

1.160E-02- 

1.109E-02- 

1.059E-02-  ♦ ♦ 

1.008E-02- 

9.579E-03-  ♦ 

9.075E-03-  ♦ ♦ 

8.571E-03- 

8,087E-03- 

7.562E-03- 

7.058E-03- 

6»554E-03«  

6.050E-03-  ♦ ♦ 

5«546E«03"  ♦ ♦ 

5.042E-03-  ♦ 

4.537E-03-  ♦ 

4.033E-03-  ♦ ♦ 

3.529E-03-  _ _ ♦ ♦ . 

3.025E-03-  * ♦ 

2.521E-03-  ♦ 

2.017E-03-  t ♦ ♦ ♦ ♦ 

1.5J2E-03-  ♦ ♦ 

1.008E-03-  ♦ ♦♦  ♦ 

5.04_2E-04:' ♦ ♦ ♦♦  ♦ 

Oi  ~ ••»**»  •*****»**■***■**■***** 

0.00  2.50  5.00  7.50  10.00  12.50 

FREOUENCY-HZ 


SPECTRAL  DENSITY  EDGE  - Y AXIS 


EREQ  - HZ  amp  - UNITS**2/H2 


- HZ  AMP  - UNITS**2/HZ 


2.50000E-01 

5.00000E-01 

7.50000E-01 

l.OOOOOE^OO 

1.25000E>00 

l.SdOOOE^OO 

1.7500QE4'00 

2.00000E«00 

2.25000E«00 

2.500Q0E«00 

2.75a0QE«00 

3.00o00E«00 

3.25000E«00 

3.SOOOOEtOO 

3.75000EtOO 

<*.oooaaE»oo 

4.25000Et00 

‘.'.sdodoYtoo 

4.75000Et00 
S.OOOOOEtOO 
5.25000Et00 
5.50000E4-00 
_5.^000E  + 00 
e'.oobooEtbd 
6.25000E4'0a 
6.50000E4'00 
f>.7S00QEt00 
7.00000E«00 
7.25000E»00 
7.500Q0E*00 


3.773<»aE-03 

L.250L1E-03 

1.276l«E-02 

3.a9911E-03 

2.66190E*03 

3.GiablE-G2 

3.6aS59E-G3 

1.7ia75E-G3 

1.32619E-G2 

2.ia92<*E-G3 

а. 5G523E-G4 
1.12711E-G2 
1.5<*a2lE-G3 
1.2<.9<*5E-G3 
9.5<.721E-G3 

б. 17751E-G<* 
l.ia«»26E-G*. 
5.67257E-03 
7.33602E-0‘* 
2.6G012E>G4 
a.99726E-04 
2.12221E-G3 
1^22993E-G3 
l.Ga507E-b3 
1.G9G79E-03 
9.07659E-G4 
5.45590E-G4 
3.49762E-G4 
2.02723E-G5 

■7.70b3'3E-d5 


7.7$flC0E«00 

a.OGGGGE^OG 

a.2$G00E«00 

a.SGGGGE^GG 

8.750GGE*GG 

9.GGGbGE«GG 

9.2500GE«GG 

9.9GGGGE»0G 

9.79GG0E«G0 

l.GGGGGE^Gl 

li0250GE*Gl 

i.GSGOGE^Gl 

1.0790GE«01 

l.lGOGGE^Gl 

U12$0GE^01 

l.lSOOGE^Gl 

1.1750GE»01 

l.lGGGGE^Gi 

1.22500E*01 

1.29GGGEtGl 

1.2750GEt01 

1.3GGG0£^G1 

1.325G0E»0; 

1.35GGOE4-Oi 

1.3750GE«^01 

1.40000E«G1 

lt«»2500E»0l 

1.450G0EtGl 

1.47500E»01 

1.50000E«^01 


1.74317E-04 
3.262a9E-G4 
i.80662E-04 
4.GlG9aE-G5 
J&ji.7U75E.-b5 
1.65594E-G4 
7.30192E-G6 
2.9G895E-G5 
7,86629E-G5 
5.1G298E-G5 
1. 1GG75E-G5 
3,52l31E-05 
7.34193E-06 
2.53251E-G5 
5.05r05£-G5 
1.77994E-G5 
3.G3564E-05 
3.64550E-G5 
6,9e037E-05 
3.G5982E-G5 
6,8l433E-05 
3.97258E-G6 
1.65869E-06 
7.38632E-G5 
3,68595E-G5 
3.55111E-G5 
4,04367E-05 
B.42615E-G6 
2.32384E-06 
3.d547’bE-G4 


amplitude  - UNITS**2/HZ 

2.9l7e-02- 

2.817E-02- 

2.716E-02- 

2.bl6E-02- 

2.515E-02J-  

2.414E-02- 

2.314E-02- 

2.213E-02- 

2,ll3E-02- 


2.012E- 

1.8UE- 
1.710E- 
1.610E- 
1.509E- 
1.408E* 
lj,30_8l- 
■ l.2d7E- 
1.107E- 
i.oabE* 
9.05«»E- 
8.048E' 
7.042E- 


6.036E 
9.030E 
4.024E 
3.018E 
2.012E 
1,0 06E 

'd. 


02- 

02- 

02- 

-02- 

•02- 

-02- 

.02- 

•02- 

-02- 

-02- 

-02- 

-03- 

-03- 

-03- 

-03- 

-03- 

-03- 

-03- 

-03- 


♦ ♦ 

♦ 

♦ ♦ ♦ 

!oo”^”*2l5q‘*^’**5.00*’  7,50  10,00  1Z.50 

FREQUENCr-HZ 


« » ♦♦♦♦♦ 
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GDC  6600  CSP  Printout  VI 

Reference  Program:  Processing  of  IR  data  for  stationary  target 

in  wide  field  of  view 

Tracking  Program:  Run  no.  90  using  above  referenced  data 
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816MA1./KC78P  OETEBk  JK  4T  IC^ 


8 

Lf 

STSKAL 

KCISE 

S/K 

_ 

1.  FVFL 

LEVEL 

1 

1 1 .65 

5.55 

] 

i 

11.07 

3.35 

.55 

1 

11. 8S 

5.57 

1 1 .75 

5.55 

1 

* 3f 

! 

11.70 

3.62 

• c 3 

' 

6 

11.55 

5.75 

g 

,50 

? 

11.51 

5.36 

2 

.65 

■***“ 

0 

1 1 .741 

3.26 

3 

.60 

RE8ULTAKT  8!eKAL/Kni8E  • 1,163 


j 

i 

I 

< 

■! 


J 


J 
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T^QJCXKG 90 


X OlPeKSTCN  =16  Y OI^'FNSION  = 16 

X CENTER  =32  Y CENTER  = 32 

ORINTCUT  EVERY  cc  FPflHEE 

INPUT  ERCf  UNIT  1 

0 F^AHEE  SKIFPEH,  69  FRAf-EE  PROCESSED 
- FREQUENCY  = 3 0-^110 

5 INPLT  PITS  USED 
ICOLPS  =- 0 lOFF  = 0 

SCALOF  = 4.00  SFACX  = 5.00  SFACY  = 5.00 

lUJCMAIIC  JHRESHQLD  USED  FCR  EDGE  TRACKER 

LINEAR  PRCCESSIEC-  FCR  GCPRELATION  TRACKER 
CORRELATION  651600  - SU6  OF  A9S  VALUES 
UPDATE  AT  10  FRANES(SKIP) 

LLNEAR  FRCCESSIKG  A»OVE  THRESHOLD  OF  - 20  FOR  CENTROID  TRACKER 


CENTROID 

- X AXIS 

gain 

7 

.96607 

CENTROID 

- Y AXIS 

gain 

r 

1.02494 

DIG  Cno5 

- X AXIS 

gain 

= 

1.00000 

DIG  CQDR 

- Y AXIS 

GAIN 

= 

l.OOuQO 

EDGE  - X 

AXIS 

G T N 

= 

.76715 

FOGE  - Y 

AXIS 

gain 

.06C57 
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a 
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VIDEO  GRACIENTS 


INPUT  DATA  niVTOEO  PY  2 
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EDGE  TRACKER  INPUT  DATA 


1M&UI.._0A.IA.  JII-WIDED  BT  1 
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_SAHP4.€  HC.  »8  PUN  NO. 


POT  TRfiCKER  INPUT  CfiTfl 


INPUT  DATA  CIVTDEC  PT  2 

6 6a  ^-8-  6 6656«»'767f)75667a6755767666 
A6464564564A'544645566654556e5565 
46354454465444444656634445455454 
45556654665644554554345656545466 
65644754545546554665665444555464 
62664455445464555444542544454456 
-646  5 7655  6 657P5555464654454645556 

64555665556536645564644445455664 
65555646455555665645546556354454 
46454664476566565576785444546446 
65465566566666658857646645557656 
565644^55457657^4766676664455654 
45666786766567776765564666564666 
54666546546667666645557675445655 
54766666  6 76865776676465566555465 

7466659756667QC95'T<58776666656555 
65677676689f«»5»0»B7666556464455 
664578«657P0Zr!iiitO875555654566 
5646657658iif»iBJ*Z7756446656546 
65455e4665P0«BBBeB^'’"&&'»56445744 
56666886768C0t(g8i0J6686455665555 
6564657855P748<-P5966664656656567 
65777765666766666674555545565456 
55666667576658665566686665656656 
45466557767P66568656645556646655 
565^67457556656^6665566555656666 
56565574655466655756666566665676 
47565556665566566665546566556666 
67656764666855574776776465657506 
6665766755  6 574665455654656656656 

65768667766''665776664  67646676666 

76667755564766666666686647656466 


CENTROID  TR«CKER  INPUT  DATA 
_.-JNP-UI-OA.T-A-ai-WXO£0  BY  2 


TNPISSBI 
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« ....9«9999( 


383 


■y 


CM 

O 

* 

> 

UI 

l' 

4 

4 

• 

[ 1 

' ] 

vO 

1 ! 

CM 

- I : 

O 

1 { 

♦ 

1 

UI 

J ! 

vO 

I 1 

4 

• 

‘ 1 

4 

i 

i 

0) 

ft 

O' 

ro 

4 

its 

CM 

O' 

• 

fw 

O 

0) 

PO 

♦ 

4“ 

4 

UI 

i ' 1 

c> 

• 

• 

(M 

^ t f 

(VJ 

M 

1 

0) 

CM 

O 

• 

1 

o> 

> 

its 

E 

• 

M 

1 

1 

O 

E 

X 

§ 

ro 

CM 

I 

M 

cc 

O 

O 

1 

O 

ITS 

O 

♦ 

1 

>- 

xD 

o 

Ui 

1 

4 

• 

o 

fiO 

1 

U> 

1 

• 

1 

o 

* 

5 

cr 

• 

4 

1 ^ 

o 

1 

II 

1 

(J 

i 

o 

X 

1 

• 

M 

CM 

1 

(J 

O 

X 

♦ 

U) 

UI 

»: 

a 

o& 

o 

\D 

o 

CM 

r 

X 

«r 

a 

• 

1 

‘ { 

u> 

a 

rsj 

oo 

o 

u 

',  1 

«-4 

• 

\ 

to 

• 

O 

a 

CM 

vT 

• 

o 

o 

CT 

II 

z 

r 

M 

u 

(T 

X 

• 

II 

H- 

4 

X. 

=> 

• 

! 

V 

U 

m 

I 

r>-r><f\j  rovHU>u>rvjKr^>v4^v4^^r\j 

fO 

z 

f ° 

M 

H4 

X 

CNj  r\j  fNj  oj  K tf\  O'  fr  r>  cs<  r;  fo  CNj  o o 

Z 

li> 

1 

*H 

X 

1 CM 

1 

a 

»HU.  fo^^.Kro^^^\t^U'^Jr^or^ 

4 

• 

w 

1 ' * 

K 

^ ^ ^ ^ ^ ^ CV  ^ ^ w4  ^ ^ 

\C 

(T/  ♦ 

> 1 - , e 

< 

fVliON-OCr^»*'«^f^<VjO 

1 

Z UJ 

i : ^ 

X 

«H«-4rNjrNjrNjr}CViv^T-f^^^^ 

O' 

• 

pn 

Ui  u 

' j 1 

r>^ou^^“vor^l^rt«r^^lc-»f»>e^^^Jr^ 

o 

M 

•-<  CM 

Ui 

<NJ  ^ ^ ^ ^ ^ 

1 

X 

H • 

Z3 

c- 

ivc\<^u>«Hcrooc»r^  ^i^. 

o 

X 

a 

• 

M 

UJ 

^imm  ^T^oo^oooofNj^r  rvfo 

Z 

U' 

u* 

or 

1 

X 

or 

1 

a 

UI 

^cr^JC^lo«*«-4«H«Ho^o\0^rofvl^Jo 

O 

a CM 

u. 

1/) 

1 " 

on 

a 

o o 

u 

rumcsifoo-^K^HOuM^fo^Hforor) 

U 

‘ 1. 

a 

a 

u ♦ 

CC 

tr 

X 

CJ 

UJ 

UI 

, UJ 

1 ® 

^Jm^m^•oo'r4Ci«:-Trrrl^^oo 

QC 

Of 

K 

I 4 

J 

X, 

or 

U) 

a 

z 

Ui 

O 4 

1 • 

u 

cyc>jr7ir»fOfOf\iO'<NO'-y')f^^oo 

Ui 

tt 

u> 

1 u> 

V) 

a * 

O 

M 

^ ^ ^ (\J  CV  (\J  f>|  ^ w4  ^ 

o 

IH 

u 

< UN 

' 3f 

K 

o>row(vj<r\OK«^r<ofo»^»*^^rc 

t5 

or 

o 

' H 

u 

UJ  , 

«t 

Z 

or 

M 

' 

o 

on  1 

M 

UJ 

O 

•1 

! 

1—  J 

UI 

O' 

UJ 

. UJ 

! 0- 

a ■ 

c 

U4 

K 

Of 

, X 

4 O 

I ^ 

or 

. ^ 

z 

O' 

^ < 

z ^ 

5 •* 

o 

p^if\v4^M<ruviroif>«-i^u^T4^>ro 

Of 

1 o 

UJ 

: o 

’ a 

M UJ 

vr 

c? 

: II.. 

o 

1 ^ 

u. 

u a 

1 

■ 1 

i 

1 

r> 

■f 

1 


I 


It 

J 


t 

» 

i 

r i 


4»4Ct«+»^  -tWJORS 


rCNTPOIO  - X 

4X1  S 

.?055 

.1793 

. 2557 

.1919 

.2012 

. 7022 

. 2233 

-.1074 

-.0276 

-.0477 

. 014S 

-. 0527 

. 034? 

-. 3178 

-.5345 

-,3631 

-.3716 

-.4238 

. 0052 

- . 0552 

-.2146 

. 0734 

-.0994 

. 1322 

. 3426 

. 3552 

.0151 

-. 1514 

. 0370 

- . 0 906 

-»4.T04 

0-944 

-.  0067 

. 0C53 

-.1245 

-.  0535 

-.3753 

-.4286 

-.2585 

-.2785 

— — 

-.5215 

-. 4033 

-.4507 

-.2774 

-.1774 

-.3056 

-.1835 

-.3835 

-.  0505 

-.20^4 

2912 

-.3222 

-.2382 

-.0870 

-.2150 

-.1415 

. 3667 

. 0070 

. 5463 

. 0574 

-. 2072 

-.0949 

-.1512 

-.0231 

. 0403 

-.0555 

. 20  27 

. 0062 

. 2834 

.1015 

. 0136 

-. 3012 

. 0735 

. 3222 

.12'=  2 

. 0780 

-.0212 

-.1379 

- .1845 

•— 

.2110 

. 0653 

. 140« 

-.0354 

. 0525 

.0557 

. 0703 

-.1787 

rFNTRniO  - Y 

4XIS 

.0547 

. 1090 

. 1523 

. 0C17 

.0525 

. 0409 

.1753 

.1551 

. 3707 

.2  878 

. 1705 

. 0 976 

. 04  91 

-. 0046 

. 0531 

.2157 

-.  0466 

-.  2006 

-.0735 

.0  178 

. no  73 

-. 0723 

. 0433 

-.1025 

-.0517 

-.2403 

-.  0775 

-.0181 

. 1124 

. 0 641 

. 1714 

. 0660 

. 1779 

.1350 

-.  0224 

-.1059 

-.0100 

-.2264 

-.1082 

— . 1353 

- . 1 2 n« 

.0202 

. 0455 

. 3011 

. 3203 

. 2750 

. 2202 

. 1566 

. 1415 

.4  365 

— 

. 5135 

. 2741 

. 2076 

. 5564 

.5290 

.6305 

. 7396 

. 7318 

.6265 

.6  970 

.7351 

. 4714 

. 6 056 

. 734  7 

.6535 

.7525 

. 8375 

. 90  32 

.5355 

.7322 

.7251 

. 7299 

. 7266 

. 5757 

.7236 

.7173 

. 6639 

.5796 

.6578 

.6161 

.6556 

.^325 

. 4737 

. 5638 

.5363 

.4673 

.4456 

. 3555 

nir,  r.oRp  - x 

4X15 

. 26  35 

. 1563 

. 1457 

-.0166 

.1462 

.4740 

.1631 

-.0563 

-.0113 

- . 0725 

-.0946 

-.0383 

.1187 

-.2520 

-.3310 

-.l'»27 

-.«059 

-. 3058 

-.  3642 

-.2246 

..IT--- 

-.4'^90 

-.  0391 

-. 0562 

-.0493 

.2365 

. 2476 

.1515 

-.2411 

.0185 

-.1141 

-.3566 

. 16?7 

-. 3265 

-. 1294 

. 1516 

-.1202 

-.3485 

-.5276 

-.2071 

- . 5352 

-.3637 

- . 4 456 

-. 5517 

-.5296 

-.  2759 

-.2525 

-.1700 

-.0853 

-.4423 

—.3288 

-.3910 

-. 5077 

-. 6419 

-. 3066 

-.1422 

-. 3331 

-.1004 

.1515 

-.0450 

,2323 

. 0795 

-.3251 

-. 5077 

-.2626 

-.0971 

-.1765 

.0615 

. 2675 

-.0516 

.2128 

.1318 

-.  16.35 

-.  1624 

-.  0"'63 

. 2421 

-.0213 

.1095 

-.2122 

-.2455 

-.0650 

. 1145 

-. 1237 

-. 0861 

-.1169 

.0671 

-.1559 

-.2944 

-.1583 

niG  1 

CORR  - Y 

4XIS 

.0535 

. 0238 

. 1331 

-.0204 

. 0655 

.1621 

.1027 

. 2384 

. 3273 

.1502 

. 1345 

-.0066 

. 0450 

-.0420 

,0137 

. 0950 

. 0063 

-.0560 

-.1251 

-.1087 

-.0057 

-. 1637 

-.  1632 

-. 0061 

-.0351 

-.0944 

-.0495 

-.0567 

-.1229 

-.0516 

-.0753 

.0133 

. 1366 

-.0411 

-.1049 

-.1972 

-.0550 

-.2018 

-.2820 

-.1776 

-. 1856 

-.  0 82  5 

-.0137 

.12.30 

. 0471 

.0315 

. 0268 

. 0234 

. 1687 

. 3556 

. 3231 

. 2564 

. 3001 

. 3006 

. 5021 

.5786 

.7345 

. 8636 

.6  950 

.7663 

. 72  55 

.5  743 

. 5555 

. 9410 

.6757 

.7739 

. 8635 

.7457 

. 9541 

. 7 467 

. 6999 

. 7163 

. 7«96 

. «965 

. 8831 

.7933 

.7133 

.64J2 

. 7671 

.7135 

.6726 

. 6401 

. 6003 

. 5257 

.4495 

. 5487 

.518? 

. 4561 

€OGC 

- X 8XiS 

-1. 35/52 

-.  934“^ 

-.0371 

.4810 

Ih 



-1.005? 

-.12  34 

-.2607 

hL 

-.4586 

-.2557 

-1.6421 

-.2070 

— ,.4408- 

- ,5012 

-1.  3767 

-.3180 

i 

-.5150 

-1.4271 

.5157 

-.2«06 

-,64«J 

-4.1410 

-.  1837 

“1.5C14 

-2.0450 

-.6185 

-.8769 

-1.0666 

MM- 

- - -.0490 

-,2055 

-.6933 

-.7889 

r 

.2828 

. 0 392 

-.  8410 

-1.7152 

I ' 

FOGE 

- Y axis 

MM 

-.4245 

-1.0017 

-.0363 

-.6904 

B 

.2705 

-.6142 

-. 4200 

-.0175 

B 

-1.477C 

-.9944 

-. 8640 

-1.1406 

B 

. 8205 

-1 . 6430 

-.1398 

-.6814 

E 

— 

- . 85 16 

- -,5252 

-.7667 

-.7206 

K 

. 1501 

. 3381 

. 3788 

-.0360 

E 

.250.9- 

- -,2m 

,2554 

.1339 

B 

-.2396 

1.1745 

-.4510 

-.0229 

E 

— 

^4622 

_.-,.0412. 

- -f  ,142l. 

.1725 

.0964 

-.9970 

-.2440 

.2231 

-.8408 

-1.4750 

1.2367 

-1.8605 

.5812 

-.3618 

•2.1334 

-.0836 

-.8544 

-.4456 

-.1457 

-1.7701 

-.5621 

-.1545 

-.6629 

-.5788 

-1.9576 

-.3521 

-.6276 

-1.3598 

-.6701 

-.1654 

.2425 

-.8438 

-.8438 

-.2100 

.4773 

-.3390 

-1.1721 

.5061 

-1.3510 

1.7238 

. 3493 

-.0151 

-1.0270 

-1.5589 

-.9209 

-.6375 

-.7313 

-.7618 

-.1928 

-1.0231 

-.6855 

-.6125 

-.2490 

-.1391 

-.2348 

-.3569 

1.0994 

-.9324 

-.9498 

-.2702 

-.7033 

-.0087 

-.2237 

-.6495 

-1.2378 

-.3324 

-1.0873 

-.6355 

.7844 

-1.0238 

-1.8951 

-.6579 

-.6321 

-.8050 

-.6409 

-.4661 

-1.4088 

-1.0209 

.0652 

-1,9822 

-.2039 

-.6172 

-.4419 

.0197 

-l.£)294 

-.5833 

-.0039 

.5248 

-.2697 

-.4262 

-.3740 

-.8074 

.8533 

-.3329 

-.7058 

-.1899 

.0735 

-.0675 

•1.0464 

.0801 

-.4785 

.5406 

-.6155 

.1030 

-..  1043 

-.8830 

.4031 

-.3087 

FILTERED  TR#CKER  COTfl 


0.0000 

O.OtlOO 

.1818 

.2254 

. 2436 

.3904 

.4398 

«.Xlfr94- 

-.0270 

-.0025 

-.1174 

-.3525 

-.4841 

-.4572 

-.0730 

-.0601 

-. 0500 

.0209 

. 1893 

.3447 

. 2747 

-^0854 

-.0607 

. 020  3 

.0101 

-.0451 

-.2043 

-.3114 

-. 3977 

-.4638 

-.4717 

-.3838 

-.2537 

-.2108 

-.1763 

1486 

-. 2741 

-.  3043 

-.2144 

-.1519 

-.1371 

.2997 

. 0599 

-. 1551 

-.2130 

-. 1229 

-.0049 

. 0244 

.1750 

.1136 

-. 0970 

-.1464 

. 0584 

.2322 

.2132 

-.0566 

. 0922 

. 1707 

.0°26 

. 0192 

.0250 

.0693 

r^NTRoio  - y 
0.  00  0 0 0.0000 

AXIS 
-.  0980 

.1460 

. 1268 

.0723 

. 0872 

.2862 

.1630 

. 0565 

-.  00  07 

. 0066 

.1011 

.1030 

-.0078 

. 0093 

. 00  38 

-.0382 

-.  0645 

-.1424 

-.1593 

. 1441 

.1243 

. 1279 

.1390 

. 0866 

-.0306 

-.  0842 

•^.1298 

-.0667 

.0140 

.1612 

.2959 

.3412 

. 2876 

.4193 

.4521 

. 3262 

.3295 

.4555 

.6011 

.7008 

.6804 

- .6227 

. 5693 

.6110 

.6923 

.7496 

.7955 

.7716 

.7126 

. 7053 

. 8160 

. 8517 

.7928 

.6932 

.6534 

. 6465 

. 5752 

. 5254 

.5165 

.5074 

. 4746 

niG  CORR  - X 
0.0090  0.0000 

AXIS 
. 1402 

.1314 

. 0927 

.2255 

.3077 

-.  14>46 

-.0652 

. 0239 

-.0335 

-.  2088 

-.3002 

-.3429 

-.3251 

-.2413 

-.1113 

-.0165 

. 3973 

.2129 

.2573 

-.2090 

-.1187 

-. IICQ 

-.1429 

-.  0452 

.0164 

-.1171 

-.4036 

- . 4 146 

-.4878 

-.5624 

-.4685 

-.3264 

-.2020 

-.  29  39 

-.3034 

-.4637 

-.5162 

-.3475 

-.2189 

-.1525 

. 1426 

-.0404 

-. 3484 

-.4632 

-.3054 

-.1326 

-.0061 

. 1258 

. 0274 

-. 1193 

-.1661 

. 3182 

.1195 

.1261 

-. 059R 

. 0200 

-. 0221 

-.1062 

-.0683 

-.0579 

-.1528 

DIG  I 
0.0000 

coRR  - y 
0.0000 

AXIS 
. 0717 

. 0716 

. 0529 

.0827 

.1218 

. 1902 

. 0683 

. 0060 

-.0241 

-.0152 

.0321 

. 0521 

-.0934 

-.0*24 

-. 1228 

-.1*.40 

-.0997 

-.0606 

-.0466 

-. C804 

-.0336 

. 0544 

. 065^• 

-.0168 

-.1392 

-.1725 

-.  21 15 

-.  1 430 

-. 0589 

.0492 

. 0976 

.0776 

. 0 334 

. 3447 

. ;i47  8 

. 30  02 

.3123 

.4103 

.5318 

.6599 

.7280 

.6612 

. 5842 

.6482 

. 7242 

.7717 

. 8096 

.7915 

.6985 

.7190 

. 0 

. 8890 

.8725 

.7817 

.7174 

.6761 

. 6221 

.5637 

.49^0 

.4831 

.5071 

.2217 
>.3964 
. 0088 
-.3721 
-.2090 
.0476 
. 0801 
.0643 
-.0065 


.1373 
'.0401 
>.  0987 
'.1387 
.2131 
.7472 
. 8202 
.6121 
.4249 


-.0436 
-.  225] 
-.1279 
-.4176 
-.2820 
. 1603 
. 0 861 
-.  0 863 


.2543 
-.1493 
. 0293 
>.1523 
. 1569 
.7110 
. 8704 
.£161 


.1625 
>.3393 
, 0607 
>.3877 
-.1208 
-. 0247 
.1365 
-.0278 
-.2265 


. 0 288 
. 3481 
.0912 
.4450 
.2145 
.0514 
. 1402 
>.1973 


. 1799 
>.  0059 
-.0672 
-.1743 
.0125 
.7911 
.HCS6 
.6805 
.5203 


'.1391 

>.0779 

-.1167 

>.3464 

-.2335 

.3312 

.1573 

>.1804 


.3262 

>.1075 

.1032 

>.1483 

.2464 

.6680 

.8438 

.6359 


>.  1 147 
>.3023 
>.1408 
>.4411 
-.3384 
.1326 
.1316 
-.2217 


. 2618 
>.  0958 
-.1013 
-.2126 
. 0 705 
. 8077 
. 8306 
.6752 


.2625 

>.1396 

>.0994 

-.2309 

.2227 

.7696 

.8121 

.7112 


i r 


I 


FILTERED  TRACKER  DATA  (Continued) 


EDGE 

0.0000 

- n OVI5 
0. 0000 

-,4?92 

-.2C96 

.2263 

-.0063 

-.4979 

-.3554 

-.3072 

-.8173 

-.<!G90 

-. 9^74 

-.5502 

-.251? 

-.5120 

-1.2923 

-.9963 

-.3169 

-.6656 

- .9467 

>745 

-.3241 

-.676Y 

-. 5375 

-. 9306 

-.5967 

-.3305 

-.7598 

-1.0323 

— . 7581 

— 

— 5J44- 

— i474A- 

- -i5237 

-.7934 

-.6943 

-1.1062 

- 1.1291 

-.9377 

— . 9069 

020<* 

-1.0467 

-.5504 

-.1C30 

-.1315 

-.335-* 

-.1919 

-.2566 

— . 6061 

- . 6766 

— t7^30 

-,67^0 

-.9003 

-.5195 

-.1729 

-.3926 

-.3434 

-. 5844 

.1526 

-*1991 

-.7391 

-1. 12«1 

-1,0079 

-.4065 

. 0571 

-.1535 

-.9998 

-1.4222 

—1.1371 

■— 

-.M»62 

-r0673 

-.2310 

-.6445 

-.0665 

-.9578 

-.5595 

-.5614 

-.6912 

- , 7516 

-.3254 

. 0944 

-.1111 

-.9069 

-1.1917 

-»6577 

-.1037 

-, 0579 

EDGE 

O.OGOO 

- Y axis 
0. 0400 

-.5990 

-.9059 

-.9005 

-.9797 

-.9716 

-.6992 

-.5140 

-.2818 

. 02G5 

-. 0405 

-. 3355 

-.1759 

-.2324 

-.3099 

-.7794 

-.9914 

— . 8959 

-.7697 

-1. 0006 

-1. 1666 

-1. 0991 

-1.0092 

-. 3091 

-.1479 

-.9935 

-1.3624 

-1.1150 

- .7044 

-.0012 

-.2693 

-.5540 

-.776? 

-.6579 

-v5565 

-.9345 

-1.1143 

-.7725 

- .9109 

-1. 10  67 

-1. 0045 

-.7171 

-.6095 

-.4732 

-.4399 

-.4470 

-.2941 

-.4536 

- . 6569 

-.4330 

. 0902 

.46  57 

. 3547 

. 0679 

.1099 

. 0 939 

-.1596 

-.4191 

-.6424 

.,3051 

— 

.1440 

.2049 

.4617 

.3111 

-.2389 

-.5562 

— . 3362 

- , 0 176 

. 00  34 

, 3772 

. 3290 

.0730 

-.5469 

-.5856 

-.4295 

.0546 

. 0259 

- . 0673 

.Wisa- 

— ^zts 

- .4400 

.0294 

-.0343 

-.3711 

-.2994 

-, 1579 

SPECT^fiL  OENSTTY  CFNTBCID  - Y AXIS 


-..F8EQ--  hi  AJ;c 

- UKITS**2/H7 

FREQ  - H7  AHP  - UNITS* 

•2/H7 

j 2.50000E-01 

1. 74307E-02 

7.7EOOOE+0O 

5.21149E-05 

I 5.0000QE-01 

2.f6634E-02 

8.00000E*00 

2.5479FE-04 

j Y.50000E-01 

5,  fiO2?8E-03 

8.25000E+0C 

1.16400E-04 

i^ooaooEtoo 

2.49a79E-02 

8.50  '00E*0C 

5.85049E-05 

1.25000E+00 

2.2H°3F-02 

8.75000E*00 

3.22547E-04 

' i.5oaooE«oo 

1.092C3E-C2 

9.00000E«OC 

9.94479E-05 

' 1.75000E400 

7,Enf66E-03 

9. 25000E+00 

1.85637E-04 

j 2.da000E4Q0 

1.53017E-01 

9.5COOOE*00 

7.1526EE-05 

2.25a0OE+00 

6.f2P«3E-03 

9.75000E+00 

3,83259E-05 

1 2.5i}oaaEfOi) 

6.07072E-C3 

1.00000E*01 

3.72447E-05 

— - 

j 2.75Q00E+OO 

6.12570E-03 

1.02500E*01 

2.23855E-05 

. 3.0QO0OE+OO 

E.ei5P9£-04 

1.C5000E+01 

4.44021E-05 

3.25000E+Oa 

4.  3C937E-03 

1.07500E+01 

1.51323E-05 

i 3.5000aEt00 

3.  355E5E-C3 

1.10000E*01 

3.10334E-05 

3.75050E+00 

F.7902<5£-03 

1 .12500E+01 

1.17113F-05 

i i*.flflOOOE  + 00 

1.36q45E-04 

1.15COOE+01 

8.77834E-05 

: «*.2SOOOE  + O0 

9.237f,3E-03 

1 .17500E  + 01 

2.72740E-05 

i 4.5aCOOEtOO 

2. 45332E-C3 

1.20000E^01 

2.29327E-05 

— 

4.75000E+00 

3. 213C1E-03 

1.22500E+01 

4.32974E-05 

5.0C0Q0E*a0 

7.09oif)E-C4 

1.25000E*01 

4 .14604E-  05 

s.p^onoE+ca 

■«.7*798E-03 

1 .27500E  + 01 

4.22178E-05 

5.500COE+00 

4.4nai3E-04 

1 .30000E*01 

8.62991E-06 

— 

5.75000E+00 

2.23505E-03 

1.32500E+01 

7.624BfE-06 

6.0CQ0a£+C0 

3. 19016E-C3 

1.35000E*01 

1.11961E-05 

j 6.25000E+PO 

■. 12625E-04 

1.37500E+01 

1.D5404E-06 

j _&.50aDOEtCO 

2.95556E-04 

;l.40000E*01 

2.82368E-06 

?>.7‘5  0 00E*CO 

1.E1273E-C4 

1.42500E+Oi 

3.71023E-05 

1 . - 7*flflOaOE*CO 

3.6P470E-05 

1.45000E*01 

1.33595E-05 

' 7.25000E+00 

3.49606E-C5 

1 .47500E+01 

4.69205E-05 

7.SCC0CE400 

’.23848E-04 

1.50000E*01 

1.99306E-06 

— 

SPECTRAL  CENSITY  CENTPOTO  - Y AXIS 


. ■■■■FJtEQ.  - JtiZ  ..  4J-P 

UMTS**2/HZ 

FREQ  - H7  AMP  - UNITS 

**2/HZ 

2.50000«^-01 

1. 235P5F-02 

7.75000E«00 

1.55737E-04 

_.5.D110QDE-01 

9.237E<3E-02 

S.OOOOOE^OO 

7.19622E-05 

7.50000E-01 

9. 22839E-03 

8.25000E400 

3.28719E-05 

lJ11101fl£  + 0 0 . 

9.<»l»727E-03 

S.5DOOOE«bO 

4.8090CE-05 

l.?S000E4-00 

6.53<4P9E-!13 

a.75000E»00 

2.86967E-04 

UOiUlOE  + 00 

6.  23  3iaE-03 

9.00000E400 

1.32557E-05 

1.75000E^00 

“.41981E-0<4 

9.25000E400 

4. S8092E-06 

E.MOiiaE^ca 

2.15113E-03 

9.50000E»0C 

1.67133E-04 

E.ESOOOE^OO 

2, 344P1E-03 

9.75000E400 

2.14407E-05 

. Z.SJl-OCJlEtQII 

7,  32<460E-03 

l.OOOOOE^Ol 

1.51526E-05 

2.75000E+PO 

3,005«'7E-03 

1.02500E«01 

6.67779E-05 

. l.QQOOOE+00 

2.99770^-04 

l.OEOOOE^Ol 

4.41446E-05 

1.25000E+00 

1.78951F-04 

1.07500E+01 

1. 05254E-05 

..  3.50000E+00 

2. 84035E-04 

l.lOOOOE^Ol 

3.03149E-05 

1.75000E+00 

1.65430F-03 

1.12500E«’01 

1.73C91E-05 

<»cJOi)0  011Et01] 

1.891F5E-03 

l.lEOOOEtOl 

4.B1036E-05 

i«.25ooof  ♦no 

l.cofciOE-03 

1.175n0E*01 

1.64697E-05 

(>^0QQ0E>00 

I.O8952E-03 

l.ZOOOOEtOl 

7.06759E-05 

<».7E300E^00 

1.724O9E-05 

1.22500E«01 

6.97070E-05 

- -5.»QaaDil£*0  0 

l.e771lF-C3 

1.25000E«01 

1.51437E-05 

9.25000E«00 

1.66825E-03 

1.27500E*01 

2.16192E-05 

-iAfiMME-ElLQ.  - 

l..lEa70E-04 

1.30000E«01 

1.73332E-05 

;.7500CE>00 

4.C94f 6F-05 

1 .32500E*01 

3.90096E-05 

^^OEOQE^OO 

1.02958E-03 

1.35000E«01 

2.69628E-05 

e.^SODOE^OO 

4.4204EE-04 

1.37500E+01 

9. 33764E-06 

. ..  EaMflQOEfflil 

3.1S424E-04 

1.40C30E«01 

9.37677E-05 

6.79000E«’00 

1.32073E-0<. 

1.42500E«01 

1.36816E-05 

- 7Uli»flOJJE*Oa 

3. 711C7E-04 

1.4E000E«01 

2.03112E-05 

7.25000E«00 

2.76252F-06 

1 ,47500E*01 

1.85480E-05 

...  7*500  COE  *00 

1.52221E-D4 

l.EOOOOE^Ol 

S.64264E-05 

1 

’■j 


^m4^rs^  w^  - , 0 


11 


E 


spectral  OENSITY  CEKTRCIO  - Y AXIS 


ARPLITUDf  -_U*lXTS**2/H7 


-  -a*23B£-02-  -* 

7.963E-0?- 

-7*4i4E-22-- 

7.<»l<*E-02- 

7La-W£»02*. 

6.865E-02- 

- . -.6.5S0E-02- 

6.316E-02- 


- 6.flA-lE-02- 
5.766E-0?- 

- ^Ii.a2£».fl2js  - 

5.217E-0?- 
4^943£--42«  . - 

4.6C8E-02- 

4.11SE-02- 

3«8fcAE-02- 

3,570E"02" 

-3.296E-f02- 

3.020E-0?- 

2«7fe6E-.X2- 

2.«*71E-02- 

2*XaZ£=H2a 

1.922E>Q2> 

t.*fc8£?tt2? 

1.373E-02-  ♦ 

-UttaAE-AZ-? .. 

8.238E-03-  ♦♦  ♦ 

5*k.«2E-fl3--  - ♦ * 


2»7<*6E*03»  ♦♦  ♦ ♦♦♦♦  ♦♦ 

A. 

0.00  so  s.oo 

F(TECUIWC,,»,2 


4- 4- ♦ » ♦ t t t 4. 1 1 « 4- ♦ t 4- 4. « 4.  t « 4.  4.  4. 4. 


7.50 


10.00  12.50  15. 


393 


5PECTPAL  OEKSITY  DIG  COPP  - X AXIS 


_FBEO— ^ UtP 

>.  UAiIIS**2/H2 

FREO  - HZ  AHP  - UNITS 

♦•2/HZ 

?.60000E-01 

1.55^14E-02 

7.75000E*00 

2.60872E-05 

5,IUUME»IU 

2.75463E-02 

8.00000E«00 

2.73018E-04 

7.50000E-01 

9.2835EF-03 

8.25000E»00 

3.27825E-05 

UiUU>A0E*00 

1.2gtP5E-02 

8.SOOO0E«O0 

4.50112E-05 

l.?6000E«00 

1.82547E-C2 

8.7SOOOE«00 

4.20647E-04 

- . ,l^fl«C£.*0  0 

7.21og5F-03 

g.OOOOOE^OO 

S.46403E-0G 

1.760QOE«00 

3.014F7E-03 

g.2SOOOE»00 

6.59433E-04 

— 2«o«oao£^oo 

6.538«7E-04 

g.sooooE^oo 

3.26113E-04 

?.260fl0E«00 

l.Bg908E-03 

g.75O00E«0C 

e.54295E-0E 



* M 

1.04144E-02 

1.00000E4^01 

6.34934E*06 

2.75000E«00 

2.00a80E-02 

1.02G00E«01 

4.82439E-05 

....  3.0O-0flaE*O0 

4.137F1E-03 

l.OGOOOEtOl 

2.72171E-05 

3;2SQCOF«00 

2.518EqE-C3 

1.07£OOE«01 

9.99717E-07 

...  -X.50000E«00 

5.601FgE-03 

l.lOOOOE^Ol 

3.17128E-07 

3.79000E«00 

4.044«7E-03 

1.12900E«01 

4.03410E-09 

V.WOOaE*(W 

2.75819E-04 

l.lEOOOEt^Ol 

3.35l6fcE*05 

4.?5000E«00 

4.4ig32E-03 

l,i7500E*01 

3.24920E-OS 

-4»5a0Q0E«(10 

1.62057E-03 

1.20000E«01 

6.09670E*06 

4.75000E«00 

2.561t5E-04 

1.22S0OE«01 

1.25876E-05 

S«DOOOOE*Oa 

5.70029E-C4 

1.25000E*01 

B.68140E-05 

9.?90COE«00 

2.21623E-03 

1,27500E*01 

6.39902E-05 

5*S4oaoEA4a- 

!»»496fllE*’05 

1.30030£«01 

9»5617  4E«06 

5«79000E«00 

8.24Y08E-04 

■ 1.32500E+01 

1.27687E-05 

. &«oaiLaa£«Go 

3. 81436E-03 

1.3EOOOE«01 

7.09319E-06 

6.29000E*QO 

2.14820E-03 

1.37500E*01 

5.20720E-06 

6.SXlOGa£.«OII 

.-8.7£3SlE-^05 

1.40000E«01 

2.75385E-06 

6.75000E«CO 

2.26172E-05 

1.42E00E«01 

6.9O252E-05 

. . z^caoEt^oa 

-7.£8479E-05 

1.4GOOOE«01 

5.32532E-08 

7'.2?0Q0E4'0Q 

7.e8g61E-04 

l,475O0E*01 

7.48223E-06 

7^50  000E*<UI 

3.17i77E^05 

l.SOOOOE^Ol 

3.19132E-05 

SPcCTPflL  CENSITY  OTG  CCPP  - Y AXIS 


ER£Q  - h2..  4KF  - UMTS**2/HZ 


- HZ  AKF  - UNITS*»2/H2 


2.5000QF-01 

2. S^ecqE-OZ 

7.75000E+00 

3.026046-07 

5.00  ODOE-01 

1.  n°56E-01 

S.CC0O0E*0O 

9.553646-06 

7.50000t-0l 

1. 26526E-C7 

8.250006*00 

3.506276-07 

.1.1U1Q0OE4  0O 

1.  C2!55E-02 

8.500006*00 

4.996476-05 

1.25000E«00 

°.1?’7E7E-03 

8.750006*00 

7.095456-05 

i.5oaoa£40o 

2. 3»521E-C3 

9.000006*00 

1.270486-05 

1.75000E+00 

55^o2F-03 

9.250006*00 

2.128386-05 

2.00000E^OO 

1.617035-03 

9.500006*00 

6.561626-05 

2.25000E+C0 

6. 33F40F-04 

9.750006*00 

4.013656-05 

2.50iLO0E*Q0 

2. 89544E-C3 

1.000006*01 

1.252666-05 

2.7500CF+00 

1.67E03F-03 

1.025006*01 

2.716736-05 

3.00000Et00 

5. 50OF1F-05 

1.050006*01 

6.021906-05 

1.25000E+P0 

3.631F1F-C5 

1.075006*01 

1.664486-05 

3.50  OOOE^OO 

1.670535-03 

1.100006*01 

2.092366-05 

3.75000E+00 

5.o?lClE-C3 

1.125006*01 

4.145616-05 

<t.ODOOOE«Oa 

e. 33363E-04 

1.150006*01 

4.418246-05 

4.250UOE+00 

1.CQ734F-03 

1.175006*01 

7.779376-07 

4. 5C  0005*00 

5. 16557E-C4 

1.200006*01 

3.325446-05 

4.75000E+00 

5. 32952E-04 

1.225006*01 

S. 914026-05 

s.oaoooEtco 

1.68062E-C3 

1.250006*01 

3.907176-06 

5.25 OOOE+00 

3.417°1E-C4 

1.275006*01 

7.664016-06 

5.5i)oan.L*co 

8.650906-05 

1.300006*01 

2.129066-05 

5.75000E+00 

2. 200O8E-04 

1.325006*01 

5.291726-05 

6.aoiLao£*oo 

1.  83866E-04 

1.350006*01 

2.765856-06 

5.25000E*00 

2.94559E-C4 

1.375006*01 

1.003656-05 

6*5J100CE  + Cfl 

1.49611E-04 

1.400006*01 

2.955646-05 

6.75000E+CO 

1.01008E-05 

1.425006*01 

2.821716-05 

--7!»aoodOE*a-o 

5.596676-05 

1.450006*01 

6.702096-06 

7.25000E+00 

1.147676-04 

1.475006*01 

2.693016-05 

7*500ME  + C0 

1. 51885E-04 

1.500006*01 

5.497906-05 

^ m 


SPECTl^AL  OEUSITY  DIG  CO»»  - V AXIS 


_ AlWUrlTWW— -*«►  2 - 


1.150E-01- 

l.OriE-01- 
— t«0X41«04»-  ■ 
q.<J13E-02- 
9^614E>^a2- 
q.l20E-02- 
«.7 24E-02- 
<.327E-02- 
. -7^q 

/'.534E-02- 

7a37E-02- 

6.7<*lE-02- 

6*lM»E-ra2- 

5.9«*flE-02- 

5,551E-02-- 

5.155E-02- 

4.75$E^a2- 

*».362E-02- 

3«9*BE-^42» 

3.569E-02- 

3.l7  2E»a2*- 

2.776E-02- 
2.37SE^-il2'!- 
1.903E-O2- 
_t,A4AE«4l2.^  - 
1.190E-02- 
. -7,934£*-43- 
3.965E-03- 


2.50 

FBECU£NCV-Hr 


10.00 


12.50 


I 

I 

I 


SPECTRAL  density  ^00*^  - X AXIS 


tEQ  - HZ  iP.P 

- UMTS**2/H7 

Pq£Q  - HZ  AMP  - UNITS**2/HZ 

’.50000E-Q1 

P.7<*126F-03 

7.75000E+00 

1.11597E-02 

5.DQQQOE-01 

1. 173O1E-02 

9.0  00  00  E4-00 

7.85706E-0t. 

7.50000E-01 

l.i.30€5£-C2 

9.25000E^00 

3.9<*361E-0<* 

1.00  OOOE>aO 

1.66513E-02 

9.50000E+00 

3.12676E-03 

l.Z5Q0CE  + t)Q 

1.71266E-02 

«.75000E^0D 

1..53H.1E-03 

1.60  COOE  + Oa 

1 . 155C6E-C2 

q.OOOOOE^^OG 

1.61311E-03 

MM. 

l.Z50rjOE  + 00 

7. 3q*32E-0‘t 

9.25000E+00 

4.63961E-03 

Z.OOQOOEtCO 

2.670P3E-02 

q.500  00E«^00 

9.7590  9E-0a 

2.Z6000E+00 

‘..53270E-02 

q,75QQ0E+0O 

2.12‘.**4E-D3 

2.5000CE+00 

1. 25qC«.E-02 

1 . 0 00  00E4-01 

9.«.5369E-0i» 

MM 

2.r500QE*00 

1 . 12050F-C2 

1.02500E^01 

2.72117E-0t. 

3.00000E+C0 

5.  C2619P-C3 

1.05000E+01 

5.39937E-0t. 

3.25000E+Ca 

2.9551  iF-03 

1. C7500E+01 

1.11895E-03 

1.50CC0E4C0 

t . 29252F-C2 

1 . 100  OCE^Ol 

6.07108E-0(* 

— - 

3.7500CE+00 

1. 973P9E-02 

1.12500E+01 

2.<*3696E-0t. 

(t.OOOOCE^OO 

l.e65SqE-02 

1.15000E+01 

2.31841E-0!* 

<*.25000E  + 00 

l.q2<,«9f-02 

1.17500E+01 

q.09618E-04 

<».5C  0 00E  + 00 

3.6O092E-02 

1 .20000E^01 

4.5q067E-04 

MM 

«».76  0 00E^00 

".OSOPqF-CS 

1.22500Et01 

6.56419E-04 

6.ilQ  000E^G0 

2. 36966E-C3 

1.25000E+01 

1.01784E-03 

5.2‘;0C0EtC0 

3.  ‘.1030E-02 

1.27600E+01 

3.22562E-03 

5.50000E+0a 

4..  61339E-02 

1 . 30000Et01 

6.09506E-04 

MM 

5.75000E*00 

3.  12100E-02 

1 .12500Et01 

5.43742E-04 

6.ooaaoE+oo 

2. 4<*5‘*lE-02 

1 . 3;000E+01 

2.53442E-04 

6.25000E*00 

q. 26372E-C3 

1 . 37500ct01 

4.09488E-04 

6.50000E+00 

1. 36946E-02 

l.ttOOOOE^Ol 

1.52036E-03 

MM 

6.750  OOE  + 00 

6.73M.3F-03 

1 ,ii2500E  + 01 

1.02147E-03 

7.00000EtC0 

5.15021E-02 

l.ii5000E»01 

5.60019E-05 

7.2‘;0  00E  + 00 

«».«»5523F-03 

l.q/SOOE+Ol 

1.49735E-04 

7.50  000E«-C0 

5.79639E-0‘» 

1.50000E«01 

1.16739E-04 



SPECTRAL  density  FORE  * * AXIS 


JUIfitXUUUL  ---JUAlI4St*4y*iZ 

B*150E«lO2'-- 

4.97OE-0ii- 

4.635E-02- 



4.292E-02- 
. _ W120E-»02- 

3.9482-02- 

- 3.777E-02- 

3.605E-02- 

1.4J3£aa2*  - - 

3.262E-02- 
3^0  9il£?22- 
2.918E-02- 

2*7UE-?02- 

2.575E-02- 

i.40i£-0a-- 

2.232E-02- 
. . .2^0E''02« 

1.888E-02- 

U7^7-E«^a2--- 

1.545E-02- 


1.202E-02-  ♦ 

t.030E»q2« 

e.584E-03- 

6«l67E«q^»  * 

5.190E-03- 
. — 3-.J»33C»03»'  — ■ 
1.717E-03- 
0»- - 

0.00 


.X  « ..  .Y. 

2.50 

4BSCUCNCY-H7 


5.00  7.5C  10.00  12.50  15.00 


S_.^vXt£--.^iL.4vA.^-AL/  • •'! 


SPECTRat  CENSITY  ECGE  - Y axis 


^Q.  - HZ.  ...iJiP 

- UtklTS**2/HZ 

FREQ  - HZ  isHF  - UNITS**2/HZ 

2.5Q0Q0E-Q1 

1.67804P-Q2 

Z.ZSOOOE^OO 

1.08795E-03 

5.0a0C0E-Dl 

8.54854E-02 

8.00000E4^00 

9.72357E-04 

7.5Q0QQE-01 

2.24474F-Q2 

e.  25000E«’00 

1.7274fcE-03 

i.aaanoEtoQ 

1.35714E-03 

a.50000E«00 

1.16671E-03 

l.Z^CiQQE^-QQ 

1.797565-02 

B.75000E«00 

3.47685E-03 

l.GQHQQEfCa 

3.042P2E-C2 

9.00000E«0C 

3.17295E-03 

1.75000E+QQ 

3.71914F-02 

9.250  00E4’00 

5.12993E-04 

-2.ufloaaE«cQ 

1.02762E-03 

9.50000E4^00 

1.19234E-04 

2.25QQQE>QQ 

2.73369E-02 

9.75000E4-0C 

1.22131E-03 

2.5QQaOE*QXl  . 

5. 4.93C2E-03 

1.00000E4^31 

2.47499E-04 

2.7t}QQ0E»Q0 

l.cfl293c-02 

1.02500E+01 

8.60789E-04 

3.00QQ0E+Q0 

5.122F4E-02 

1.05000E4^01 

4.76686E-04 

1.25000E*nO 

2.eS33lE-02 

1.07500E4-01 

1.01176E-03 

3.9QQa0E«00 

2. 094O2E-02 

1.10000E4-01 

1.02397E-03 

3.750QOE+00 

3. 17O67F-02 

1.12500E*^01 

6.19018E-04 

b.OOOOOE^’Oa 

1.31587E-C2 

1.15000E4-01 

1.00290E-04 

4.2S0Q0EY00 

1. 1P995E-C2 

1.17500E*01 

3.64675E-04 

4.50000E>00 

1.24421E-C2 

1.20000E4^01 

6.03799E-04 

4.75000E+00 

1.  356F 5F-02 

1.22500E^01 

4.02572E-04 

s.ooanoEafO 

7. 004P2E-03 

1.25000E4^0] 

1.39188E-04 

3.25000E*00 

1.60903F-02 

1.27500E+01 

2.10647E-04 

5.500 OflE+CO. 

4.772CRE-03 

1.300  00E4^01 

1.00889E-04 

5.75000E*00 

l.€5153E-02 

1.32500E+01 

2.73577F-04 

6.000iia£+00 

4.80869E-03 

1.35000E4^01 

3.73399E-04 

6.?5000E*00 

1.64775E-02 

1.37500E+01 

2.7060EE-04 

6.&OI}OOE^OO 

9.79437E-03 

1.40000E«^01 

1.61315E-03 

6.75000F*00 

4.  11725E-C3 

1.425Q0E^01 

1.78185E-05 

7,0fl00CF*^O 

9.9722UF-03 

1.45000E^01 

5.07634E-O4 

7.250a0E4^00 

3.74111E-03 

1.47500E^01 

2.72548E-04 

7.SO^0O0E*00 

1.77123F-03 

1.5C000E4^0i 

1.20838E-04 

400 


SPECT*»#L  CENSITY  FPG'  - y ftxl? 


a*91»e£-b2-  --♦ 

S.650E-02- 

3.1S2E-fl2* 

8.05««E-02- 

. 7-JlSS£«42».  . 

7.U57F-02- 
..  7^t5.eE-«02- 

6.861E-02- 
_ , - 6^562E-02- 

6.26‘«E-02- 

5^a66£=02* 

9.667E-02- 
S.36OE-02- 
5.071E-02- 
4*773E-02- 
4,<*7<«E-02- 
. ..  U.176E-02- 

3.978E-02- 


2.6  85E-0^“  ♦ 

2,186E-02-  + 

2*JU8£=iL2-: ♦ * 

1.790E-02-  ♦ ♦ 

_1.491E-lL2i- 

1.193E-02- 

_ 

5.966E-03-  ♦ 

. 2.9&3E-03- 

Q,  '•♦#«*^7**'^*7*»**7*** 

Q.oa  2«9C 

rHECUENCV-H7 


♦ ♦ 

♦ 


♦ ♦ 

♦ ♦ ♦ 

♦ 

• • 7 • • • 


♦ ♦ ♦ ♦♦ 
7.50 


♦ 


10.00  12.50 


15. 


5.00 


CDC  6600  GSP  Printout  VU 

Reference  Program:  Processing  of  IR  data  for  aircraft  target  in 

narrow  field  of  view 

Tracking  Program:  Run  no.  92  using  above  referenced  data 


I 

I 


403/404 


•f 


J 


DIGITAL  CCRUKLATIOM  TRACKER 


REFEREwriNG  PROGRAM 


PROCESS  S?  PTCTLRE8 
SEAPIcm  UTKOCU  18 
8TARTIM6  TARGET  CflORClNATE 
TAPE  eUTPLT  OPTION  18  1 

CONTRAST  .•’...•NEC 


8 ARE 


or  I*  1*0  loiiiiaiiiittitit 

a •■aaaaaaiaai 


■4j«LJBio«r  •'<co'f*i«o«r  oown'o— ■•■  ■4)=>ob'«*o-*)— •oui— *tn 

n '0'*i'4)o«i— •■iM«o*^o«;»<o=3o»^moorior'M»)— > 

»«»«•*»•••••••••••••••••••••••• 

a: 


Ki  r>im«o  ^ ^r^opn 


yj  •••••••■•••• 


^ ^t#>o  ^'O’C  c «f  © ^31  ^3if>'© 

vj  u > ia~«  *«r  on  > OH  i«j— •o-<*»»'«iu  •■4»»~  ^ «j«ju  >-«i»ru  > w at>-u  > 

Q ,»«»«»•••••••••••••••••••••••••• 


I r~  o HI  ©«r  e»«i  i«i  — ‘sar^oHi©***  •>«  >«J  — of»i  ©«riw  > 
-—•»\H\I»\I«\1HIK1H15»  3J  ^Vi|flKI||l<0<©'4>l*' 


t/0«M*iK\-*)— K\3iy>r»i«fr  ;qK»a»«>oir»n«'««>Ki— '<KiinO'»-o«r3i 

n c — •OKI— •a»vi"*)ir'«i3*-»m«>irr'©oo*n'4i«,«>— ••VMi«)o—=J 

u c tai  itiiataitttat 


Lt. 

^ t_ o o w4 51 0‘rtcc**«  ■««- 

cr cir K'K'.c. iTc; 

* ««•••••••••••••••••••••••••••  •JL*  * 

U lUC:  I I U C ^ W*«kIv4v4«kI 

» 

» M 
» 

» 

» >cw«^»^©in-cc‘ 

» a. 

» ^ 


8I6M*L>KCl8f  0ETE8KIKATICN 


8E8ULTAKT  8TeK*L/N0I8f  ■ 1.<I88 


TRACKING  RUN  NQ»  92 


X DIMENSION  =16  Y DIMENSION  = 16 

X CENTER  =32  Y CENTER  = 32 

printout  every  99  FRAMES 

INPUT  FROM  UNIT  1_ '■ 

■ 95  Frames  processed 

FREQUENCY  = 30.00 

5 INPUT  BITS  USED  ^ 

ICOLPS  = 0 lOFF  = 0 ccArv  - t;  on 

SCALOF  = 4.00  SFACX  = 5.00  SFACY  - 5.00 

AUTOMATIC  threshold  USED  fOR  EDGE  _^ACl^ . 

IT  NE^  R-'TOt^ESTN  CTOR  ATlON  ACm 

CORRELATION  METHOD  - SUM  OF  ABS  VALUES 

UPDATE  AT  10  FRAMES(SKIP)  cno  rFWTPnin  TRACKER 

LINEAR  PROCESSING  ABOVE  THRESHOLD  OF  - 20  FOR  CENTROID  TRACKER 


“CETrrP OTTT"-  “X“AXIS  gain  = 


CENTROID  - Y AXIS  GAIN  = 


"DIG  CDRR"^  AKTS  G-ATTr= 


DIG  CORR  - Y AXIS  GAIN 


■~ED‘CT  - X "AXIS' 


GAIN'  = 


edge  - Y AXIS 


GAIN  = 


.5557T 


.79986 

r.mrtnnr 

1.00000 

.oem' 

.32627 


408 


SAMPLE  NO.  94 


RUN  NO 


Y OFFSET 


INPUT  OATA  OIVIDEO  BY  2 


8 6 4 • 

88  5 343.  . . . 
XZ9852  . ._!L. 

9 rrr  §“53311 

82E2IE7531 


22699^3  9 5621 
~3  4“T  9 1 8 8 7 6 4 5 
...36923  318  4 
.7  1 2 4 8 9 1 1X26 
....134988XK 


. 5 8 9 2 3 
1 2 4 8 8 2 
..  3 2 3 8 
. . 1 '4  3 7 

...  1 3 4 
...  3”  4 
....  3 5 
....  4 6 
...  3 4 6 
..  6 7 9 8 
114 


i“3“.  1 . . 

147635421.. 

1.2.  3 '8  X29888  6 4.. 

32..34I2»<L  3 2 . 

6"  3 2 4 8 X A t « X « i 6 3 5 . 
X86579X3  gfA32971 


93t39iXX23fAg_954.  . 

X99888XX»333861.  . . 

2 I X_8  ^ 9 8 8 X 7 8 X 8 _4  3 , , , 
8i^~X99XXf783i  . . . . . 

68ilfiXX8641..  ••^1. 

~s^  a 9~g~Tir~irT~7  . . . . 

4789X2X22X983  1...  . 

9866  8 69i2'3t86.3.  . . 

433336882A3  2 8 85  1.  . 

4,2  ."2  4 "4  4 7 9 '8  X '8  7 5 4 3 . 
23611213842 


. . 2 4 6 5 2 
72  6 6 '5  2 1 
3 3 4 5 3 1 1 


12  4 

6 5 6 4 3 2 


13  6 93X996 
. 3 3 5 8 3 8 9 5 

....  4 2L9  2 3 

. .'2  2 6 5 9 


13  7 
3 4“  6“ 


SAMPLE  NO.  9** 


RUN  NO. 


INPUT  DATA  DIVIDED  BY  2 


6 7 5 

Z 2 3 

1 6 7 
0 3 3 
3 3 3 
16  5 

-7  7-6 

2 3 3 
. 3 6 
. . 1 
. . 1 


.lilt 

T-.-rT 


.... 


5 5 5 3 
6H  2 4 
3 3 3 5 
5 ^ 9 8 
3 15  1 
5T  2"  2"  T 
5 2 3 5 
7 6 4 2 
2 4 5 4 
2 5 7 7 
.13  3 


• ....  3 4 

....  2 6 4 

1 1 . 3 4 3 2 

2 1 5 7 4 1 4 

7 6 4 . 3 3 6 

§ 2 2 3 2 4 2 


5 4 11 
i.  4 2 1 

4 2 4 3 

5 3.5 
7 9 9 8 

4 3 2 3 
7 4 5 4 
7 14  2 

-8  4“41 

5 6 5 4 
2 5 6 8 
.321 
.14  3 
..14 

;-  .“4 


.687 

2 6 3 3 
5 7 4 5 
^ 2 7 T 

.442 

3 4 11 


6 4 11 

2 2.. 


.11....  • 

1.12._. 

6 "4  3^  . . • . 

5 7 6 5 ...  . 

43442.  . . 

55526..  . 

4 8 1 6 9 1 . . 

1 3 7 5 8 2 . _. 
’.  I 9~6"5  4 . . 

1 6 8 8 7 4 . . 

87553.  . . 

62863..  . 

7 3 1 

241.. .^. 

'7~7  3 r .... 

25723*.  * 

6 6 9 7 6 1 * . 

5 5 1 4 4 5 3 . 

12667452 
54312523 

7 -6-  TT  3 T 8 9 

43652315 
34686147 
...  5 5 7 8 6 

...  2 3 6 5 6 

4 2 4 


K : 


SAMPLE  NO.  94  RUN  NO.  92 


DCT  TRACKEKT  ITJTOTnJJnT ' " 


INPUT  DATA  OIVIDEO  BY  2 


1 . 

• 

• • • 

• • • 

• 

• • 

• • • 

• 

• 

• • 

— 

& 4 

Z“1“T  . . ."  . .T" . . • 

• 

• • • 

• • • 

• 

• • 

• • • 

• 

• 

• • 

a 6 

• 

• • • 

• • • 

« 

• • 

• • • 

• 

• 

• • 

■ . 

a a 



• 

• • • 

• • • 

• 

• • 

« • • 

9 

• 

• • 

l 2 

9852 

• 

• • • 

• • • 

• 

• • 

• • • 

• 

• 

• • 

~ 

9 9 

a7553311.... 

• 

• • • 

• • • 

• 

• • 

• • # 

• 

• 

• • 

8 2 

Z2227531..** 

• 

• • • 

• • • 

• 

• • 

1 • • 

• 

• 

• • 

6 ®' 

•igT  Z 7 9 6“VTT'.  . 

• 

• • • 

• i.  • 

• 

9 

• • 

2 2 

6992396621  . . 

• 

. . 1 

4 7 6 

3 

5 4 

2 1 . 

• 

• 

• • 

. 3 

47988876451. 

2 

. 3 8 

/ 2 9 

8 

8 8 

6 4 • 

• 

• 

• • 

.369232/8432 

• 

. 3 4 

8 2 8 

8 

2 9 

7 3 2 

• 

• 

• • 

— 

12469/X/2663 

2 

4 8/ 

8 8 8 

/ 

8 8 

6 3 5 

• 

• 

• • 

t • 

. .134988/8/8 

6 

5 7 9 

Z 3 8 

8 

8 3 

2 9 7 

1 

T* 

• 

• • 

— 

— 

. r TT~T  7 9 Z“Z"7~r^ 

T 

9 18 

5892393 

/ 

8 9 8 

Ill 

3 

8 8 

8 9 5 

4 

• 

• • 

....124882/9 

9 

8 8 8 

/ / 8 

3 

3 8 

8 6 1 

• 

• 

• • 

323821 

/ 

8 9 9 

8 8/ 

7 

6 / 

8 4 3 

• 

• 

• • 

143781 

8 

/ 9 9 

/ / 8 

7 

8 3 

1 . . 

• 

• 

• • 

13468 

8 

8 8 8 

/ 8 8 

6 

4 1 

• t • 

• 

• 

• • 

— 

;“3“4-B“B 

r~B  2 2 J-g-T  7 

inr 

1 • • 

• 

• 

• • 

8 

9/2 

/ 2 2 

/ 

9 8 

3 1 . 

• 

• 

• • 

4698 

6 

68  6 

9 8 2 

8 

8 8 

b • 3 

• 

• 

• • 

.34643 

3 

3 3 6 

8 8 2 

8 

3 2 

8 8 5 

1 

• 

• • 

2 

'.  2 4 

4 4 7 

9 

8 / 

8 7 5 

4 

3 

• • 

t • 

. . . . 1147543. 

• • • 

. 2 3 

6 

8 8 

Z i 

6 

"Tk 

4 

2 • 

• • 

...i368b3... 

• • • 

• • • 

• • • 

3 

• 

6 6 
1 3 

6 9 1 

0 

t 

9 

O X 

9 6 

..  266521.  ••• 

• • • 

• • • 

• 

. 3 

3 5 8 

8 

8 

9 5 

1 . 

. 3345311. 

• • • 

• • • 

• 

• • 

. . 4 

7 

9 

2 8 

1 2 

• • • 

• • • 

• 

• • 

. . 2 

2 

6 

5 9 

7 7 

6 5 

6432.2...... 

• • • 

• • • 

• 

• • 

• • • 

• 

T 

'7  8 

7 5 3 

• • • 

• • • 

• 
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INPUT  DATA  OlVIOEO  BY  2 


TRACKING  ERRORS 


CENTROID  - X AXIS 


1 1.3139 

. 4387 

. 6246 

.4657 

.0550 

.6539 

-.1836 

1.2184 

. 0432 

.0253 

1 1.3553 

.3787 

1.1723 

.4188 

1.3431 

.2789 

1.3734 

1.0874 

1.2256 

.0667 

1 .7A81 

. 7418 

. 5452 

2.1366 

.2775 

-.0432 

.8896 

. 0540 

. 7766 

.5301 

f .8628 

. 9047 

1.1115 

. 6174 

.9709 

1.7209 

.9116 

-.7250 

. 6570 

1.6244 

1 1.2330 

1. 3475 

2. 1550 

1.1755 

2.4521 

2.7848 

1.4944 

1.8120 

. 3766 

2.1573 

1 1.6937 

. 9895 

.6023 

1.6738 

2.0500 

2.4843 

2.5654 

2. 0275 

2. 3104 

.70  81 

r 1.2032 

. 7593 

1.9605 

2.0446 

2.8887 

1.7537 

2.2944 

2.3J47 

2. 3955 

2.3036 

1 2.9245 

2. 2757 

1. 8576 

1. 8236 

.6125 

1.8978 

2.(927 

2. 3230 

2.4001 

2.8609 

1 

2.5059 

3.  2264 

1.2601 

2. 9751 

2.6595 

3. 2795 

3.4230 

2. 0698 

3.4244 

2.4851 

f 

2.9634 

1.9780 

1.9300 

1.8121 

1 CENTROID  - Y 

AXIS 

-.0395 

. 2226 

. 0334 

-.1395 

.0403 

. 1292 

-.5197 

-.1006 

-.4779 

-.5969 

j -.0368 

-. 3923 

. 0362 

-.0374 

-.3580 

-.8165 

.4816 

. 2628 

.2611 

-.3417 



-.0890 

-.8208 

-. 8808 

.0375 

-1.4885 

.0893 

-.8756 

-.0134 

-1.0320 

- 1.1285 

. 0554 

-.5257 

-.7471 

-.7196 

-.7891 

-. 6868 

-.7689 

-.3562 

-1.1564 

- 1.6755 

-.3972 

-1.7017 

-1.5000 

-1.6597 

-1.3732 

-2.0575 

-1.3849 

-1. 3606 

-.7144 

-1.9613 

-1.7358 

-.  6965 

-.8051 

-2.3996 

-1.2690 

-1.2341 

-1.4060 

-.7155 

-.5892 

-.5128 

..1—. 

-2.7053 

-1.  8960 

-1.1822 

-1.6986 

-1. 076> 

-.6547 

-1.2654 

-1.2369 

-1.3799 

- 1.5366 

-.7177 

-1.1225 

-3. 0110 

-2.3363 

-1.7781 

-2.1409 

-1.0523 

-1. 9057 

-.9111 

- 1.6288 

-.7355 

-2.1579 

-2.8502 

-1.4567 

-2.7597 

-2.5026 

-1.9001 

-2. 3947 

.6639 

-2.6775 

-2.2917 

-2. 3410 

-3. 1124 

-2. 8125 

— 

I OIG  CORR  - X 

AXIS 

■ .1082 

. 0270 

-. 3953 

. 2425 

-.0806 

.2066 

-.1463 

-.0266 

-.1084 

.2761 

1 .3105 

.3124 

. 3554 

. 3397 

.7997 

. 4494 

.5522 

.0312 

-. 0895 

-.0572 

>1489 

. 5856 

-. 3095 

.4920 

-.1527 

.5188 

-.0765 

. 3701 

-.1742 

.4815 

' i 

i .1023 

. 7486 

. 4000 

1.1931 

.2166 

. 7212 

.2308 

.6705 

.5057 

1.1023 

1 

? 1.1897 

1.2715 

1.2461 

1.2896 

1.5962 

1.5184 

1.7237 

1.4818 

1.4228 

1.4686 

1 

1.4400 

1.6543 

1.6761 

1.9493 

1.6747 

1.7609 

1.7387 

1.4560 

1. 7733 

1.504b 

1 

1.9738 

1.9417 

1.9866 

2.0102 

2.0051 

1.8840 

1.8917 

1.8380 

1.5195 

1.7355 

1 

1.5101 

1.8059 

1.3341 

1.5504 

1.3809 

1.6410 

1.6984 

1.8565 

1.5871 

2.1060 

i 

1.6791 

1.6636 

1.3993 

1.4803 

1.3423 

1.4570 

1. 3546 

1.5493 

1. 6293 

1.5868 

I 

1.6368 

1.7198 

1.6767 

1.4311 

OIG  1 

CORR  - Y 

AXIS 

« 

1 .0226 

-.0108 

. 0023 

. 0004 

. 0025 

. 0733 

-.0461 

-.0552 

-.  1825 

-.0992 

f 

|,  -.2024 

-.0907 

-.  1034 

-.0275 

-.0257 

-.0363 

-. 0416 

-.0462 

-.1066 

-.1733 

'ii 

1 -.1422 

-.2361 

-.2116 

-.3485 

-.2331 

-.3749 

.0857 

-.3064 

.2069 

.0387 

i 

. 3483 

. 0 878 

. 2925 

. 02.37 

.2140 

-.1379 

. 1250 

-.1121 

. 0868 

.0538 

i 

E .1669 

. 2358 

. 1971 

. 2971 

1499 

. 1401 

. 0727 

.1769 

. 0364 

.2221 

\ 

1 : -.  0094 

. 2032 

.1127 

.2145 

. 1049 

. 1726 

. 1158 

. 1845 

.4442 

.2433 

1 

1 

|i  .4465 

. 4874 

. 3266 

.2105 

.1437 

. 1505 

.0627 

. 0671 

. 00  35 

.0130 

VMM 

1 

-.0303 

-.0945 

-.  1542 

-.2392 

-.3024 

-. 3305 

-.3846 

-.4647 

-.4236 

-.5765 

1 

-.4970 

-.6335 

-.7695 

-.7321 

-.8044 

-.7773 

-. 8932 

-. 8945 

-. 9768 

-1.1771 

\ 

1 

-1.2216 

-1.0851 

-1.2786 

-1.1430 

tracking  errors  (Continued) 


EDGE 
-.92<*8 
15.1572 
8.1997 
6.5978 
9.52?5 
22.2343 
1. 0440 
53.6201 
21.5304 
20.2781 

EOGE 
■-.■8460 
4.1853 
3. 2t  0 2 
1.3160 
i.i?^l7 
-.0240 
1.5481 
1. 4483 
. 6990 
-.5478 


- X AXIS 
3.4102  - 
9.2772  2 
7.0904 
8.8787  1 

-5.6216 
5.3595  - 
9.7643  1 
52.1958 
30.5294  I 
16.5201 

- Y AXIS 
.2972  ■ 

3.7131 
-1.7186  ■ 
-.3658  • 
.707f  ■ 
.6897  ■ 
-1.1333  • 
.9966 
.6606  ' 
-4.0374 


-2.9190 
29.8044 
9.2350 
15.9932 
6.3120 
-7.4158 
16. 8882 
3. 3063 
20. 1475 
1.5129 


-3.9903 

6.6974 

16.0913 

6.2040 

-1.2216 

1.4137 

22.2473 

-.6609 

>*2.8126 

4.3578 


.6558 
3.6704 
2.5766 
2.6758 
■2.30  5? 
•1.1453 
■2.7471 
.6153 
•4.7186 
.9937 


■-.5879 

-.6675 

2.9762 

.8460 

1.3304 

•1.7354 

-3,8098 

1.2767 

.1792 

-2.1300 


2.9491 

20.6069 

28.8738 

6.4404 

26.0562 

17.9967 

26.6443 

17.0271 

25.9223 


-1.7237 

1.6623 

-2.8881 

-2.7184 

-1.4660 

-2.3207 

-1.8709 

-3.4849 

-1.3858 


13. 1408 

6.5838 

8.7152 

5.5362 

10.9419 

12.1555 

-1.6186 

4.7277 

21.7234 

1 1.8794 

-.5221 

13.9286 

6.3136 

20.4954 

1 3.6886 

13.0366 

16.2592 

-3.8322 

16.0031 

9.054b 

2.1040 

20.r215 

28.1100 

-7.4469 

7.2939 

23.4865 

33.6696 

17.9086 

13.0193 

1.5097 

1.5527 

19.5707 

32.1025 

41. 2274 

22.2391 

22.5028 

10.3557 

23,1195 

9.4669 

23.8102 

21. 3943 

6.2965 

13.1700 

21.  1615 

17.7376 

^95le 

'■^754'88‘ 

2.5766 

-2.23F6 

-2.0977 

-1.4468 

5. 8721 

3.6324 

3.9655 

-.8340 

3.4221 

-4.3599 

1.7820 

-3.2215 

-3.6649 

.6988 

-.6895 

.9977 

-.27/0 

- 1.0239 

-.0561 

. 7345 

2.347/ 

3746 

-.0164 

-.2875 

-.8096 

-1.5674 

-1.1314 

1.5932 

.0883 

-1.7955 

1.5920 

.2254 

-1,5832 

-2.6250 

-.2030 

-4.2111 

-1,7764 

-3.2543 

-4.3026 

2. 0230 

-3.8419 

4.1109 

-2.0658 

. « . 

. — — 



— 

m 


FILTERED  TRACKER  DATA 


CENTROID  - X AXIS 


0.0000 

0.0000 

. 5599 

.7137 

.4274 

. 3140 

. 1472 

.4782 

. 5437 

.3189 

.5136 

. 70  33 

. 9467 

. 8098 

.9061 

. 7554 

.8873 

1.0622 

1.2365 

.6300 

.5013 

. 4946 

.6213 

1.2395 

1.2412 

. 5979 

. 2579 

.2068 

.4027 

.6071 

. 7558 

. 8613 

1.0056 

.9219 

.8508 

1.1612 

1. 3067 

. 5222 

. 00  04 

.5333 

1.3191 

1.6139 

1. 7865 

1.6547 

1.8480 

2.3509 

2. 3345 

1.9480 

1.1100 

1.1161 

1.5370 

1.6057 

1. 0766 

.9751 

1.5032 

2.2422 

2.6578 

2.5039 

2. 2471 

1.5578 

1.050A 

. 7629 

1. 1880 

1.8233 

2.5302 

2. 5052 

2. 2515 

2.1263 

2. 2642 

2.3702 

?. 6023 

2.6063 

2.2704 

1.8658 

1.2361 

1.1802 

1.9066 

2.5696 

2.6882 

2.6563 

2.6106 

2.  8369 

2. 3753 

2 . 2465 

2.4311 

2. 9646 

3. 3677 

3.0097 

2. 8324 

2.7021 

2. 8077 

2.5300 

2.1109 

1. X828 

CENTROID  - Y 

AXIS 

0 . GOOO 

0.0000 

. 0724 

. 0261 

-.0316 

.0159 

-. 1364 

-.2477 

-.  3695 

-.4903 

-.3867 

-.2320 

-.  1214 

-.0476 

-.1411 

-.4870 

-.3105 

.1271 

. 41  74 

.1563 

-.1566 

-.5234 

-.8076 

-.6031 

-.7258 

-. 5674 

-.5739 

-.35  31 

-.5153 

-.8831 

-. 7A1A 

-.4337 

-.4057 

-.6342 

-.8121 

-. 8037 

-.7511 

-.5780 

>.7040 

-1.2004 

1 . 1931 

-1. 2222 

-1. 3586 

-1.6115 

-1.6033 

-1. 7151 

-1.6769 

-1.5128 

-1. 0884 

-1,2097 

1.6003 

-1.4783 

-.9875 

-1.2669 

-1.6269 

-1. 6056 

-1. 3637 

-1.0275 

-.7101 

-.4930 

1.2869 

-2. 0908 

-2. 0462 

-1. 6225 

-1.2287 

-.9001 

-. 8830 

-1.0916 

-1. 3403 

- 1.4957 

1.2452 

-1.0016 

-1.6330 

-2.  470  7 

-2.5102 

-2.1418 

-1 . 5471 

-1.4256 

-1.2741 

-1.3440 

1.1552 

-1.4214 

-2. 1742 

-2. 3h91 

'2.3764 

-2.4121 

-2.3054 

-2.2135 

-1.0881 

-.9943 

• 

1.7114 

-2. 5055 

-2. 9258 

-2.9933 

— 

DIG  1 

30RR  - X 

AXIS 

0. 0000 

0.0000 

-.1276 

-.0349 

-.0180 

. 1102 

. 0556 

-.0315 

-.1056 

.026  3 

. 2332 

. 3622 

. 3809 

. 373  1 

.536. 

.6138 

. 5953 

. 3391 

. 0295 

-.1427 

-.0561 

. 2788 

. 2374 

.2113 

.0694 

. 1902 

.1751 

.2210 

. 0855 

.15  6 7 

. 2068 

. 4405 

. 5448 

.315*. 

.7274 

.6135 

.4022 

. 430  1 

.5099 

.7858 

1.0854 

1.2906 

1. 3223 

1.2907 

1.3902 

1.5186 

1.6517 

1.6331 

1. 5151 

1 . 42  5o 

1. 41 32 

1.5173 

1. 6421 

1.0135 

1.8379 

1. 7850 

1. 7263 

1.6117 

1.6079 

1.5934 

1.7344 

1.  8979 

2.0109 

2.0314 

2.0154 

1.9559 

1.8974 

1.8513 

1.  7107 

1.6353 

1. 571.5 

1.  6472 

1.5784 

1. 5360 

1.4216 

1. 4841 

1.6181 

1.7615 

1.7719 

1.8547 

1.8500 

1.7643 

1.5537 

1.4254 

1.3627 

1.3889 

1 . 3978 

1.4548 

1.5539 

1.6214 

1.6410 

1.6686 

1.6914 

1.5993 

DIG  1 

CORR  - Y 

AXIS 

0.0000 

0 . 00  00 

.0010 

-.0003 

. 0009 

. 0294 

.0190 

-. 0241 

-.1116 

-.1489 

-.  1723 

-.1470 

-.1134 

-.0629 

-.0272 

-.0182 

-.0305 

-.0448 

-.0732 

-.1270 

-.1616 

-. 1978 

-.2184 

-.2757 

-.2907 

-.  3195 

-.  1777 

-.1307 

-.0056 

.0719 

— 

. 21  38 

. 2272 

. 2335 

.1513 

.1308 

. 0298 

. 0C99 

-.3313 

-.0008 

.0  3 99 

.1132 

. 1919 

. 2296 

. 2595 

.2295 

. 1716 

.1018 

.1041 

. 0957 

. 1357 

. 1045 

. 1155 

. 1256 

.1706 

.1650 

. 1556 

. 1348 

.1466 

. 2713 

. 34  06 

. 3910 

. 4396 

. 4277 

.3196 

.1843 

.1180 

. 0876 

.0714 

. 0374 

.0110 

- . 0142 

-.0542 

-.1143 

-.1912 

-.2684 

-. 3239 

-«  3646 

-.4175 

-.4467 

-.5021 

-.5292 

-.5757 

-.6710 

-.7499 

-.7950 

-.796R 

-.8298 

-.8766 

-.9384 

- 1.0555 

• 1. 1827 

-1. 1988 

-1.2047 

-1. 1892 

418 


EDGE 

- X AXIS 

o.ocroir 

"xr.oooD 

-.2517 

-2.0161 

-1'.4205 

5.2633 

9.9944 

10'.  5562 

7.7030 

7.4947 

■ } 

li. 0849 

12.7764 

19.1870 

19.2325 

17.1245 

14. 3475 

7.5695 

2.1713 

8.0371 

15.0184 

14. 8161 

9.4177 

6.6684 

10.1659 

20.1111 

17.5446 

11.6468 

7.2762 

12. 1428 

1 6.2664 

, > 

13.8138 

8.9613 

9.6503 

10.3121 

8.6764 

8. 7775 

12.5854 

8.7255 

7.6264 

S.58S2 

10.4902 

4.4673 

.9220 

-.4664 

9.9909 

13.5710 

15.7429 

20.5028 

13.5808 

4.7917 

■ 

7.4575 

11.8663 

5.5720 

-1,9841 

3.3263 

16.8621 

29.9670 

29.9030 

20. 4452 

7.4586 

" . 3051" 

1.5975 

10.4102 

19.7182 

25".  1140 

18.3095 

1-2.556T 

18.5554 

33. J628 

36.2249 

/ 

40.4679 

47.5856 

35. 2622 

lfi.44S6 

.3062 

10. 158G 

18. 1794 

21.1071 

16,6633 

16.7399 

19.6161 

25.9385 

26.5539 

31.6870 

32.7885 

28. 2451 

15.9597 

8.7136 

11. 9969 

1 8.1638 

f 

21.3630 

19.7377 

11.3460 

3.7132 

EDGE 

- Y AXIS 

t 

0.0000 

0.0000 

. 2148 

.1213 

-.7468 

-1. 3912 

-2.3488 

-.9368 

-.3072 

-.9244 

*— 

.2869 

2.8040 

4. 4315 

2.7089 

.8705 

-.6282 

1.4505 

3.9374 

5.0375 

2.6688 

1.2395 

-.0990 

-1.4905 

-.6009“ 

"-.4156 

. 8860 

-.4913 

-. 6486 

-1.5154 

- 2 .64  96 

-1.8946 

-.3710 

-.4925 

-.6433 

-1.3484 

-.8835 

-i.4562 

.3447 

.4170 

-.2294 

* 

-.1584 

.4551 

-. 2195 

-.3302 

-.6034 

-.4565 

.0191 

1.2700 

1.2996 

.4673 

-.2662 

-.0396 

-. 1703 

-.9742 

-2.0090 

-1. 7498 

-. 9566 

-.7824 

-1. 0918 

-.2490 

1.T345 

."920^ 

- 1.06  73' 

-3.2899 

-3.5683 

-1.7989 

-.“6582 

.3627 

. 6995 

-.0700 

-.1489 

,5225 

1.0585 

1.1834 

-.6178 

-2.5580 

-2.4647 

-2.4614 

-2.3817 

-2.77  86 

« 

-1.5738 

. 1093 

-.9246 

-1.7324 

-1.7468 

-2.3429 

-1.3074 

-1.3893 

.4679 

.56  29 

-.0838 

-2. 2413 

-2.0090 

-1.3919 

419 


l| 


SPECTRfiL  OENSITr  CENTPOIO  - x AXIS 


FREQ  - HZ 


AMP  - UNITS**2/HZ 


2.r>O000E-01 
5.  'lOOQOE-Ql 
7.50000E-01 
1.  QOOOOE^OO 

1.  ZSOOQE^OO 
1. SO  00  OF *0  0 
1. 75000e»00 

2.  OOtlOOE^OO 
2. 25000E+00 
2.50000E+00 
2.750Q0E+00 
S.OOOOOE^OO 
3. 25000Et00 
3.50000E+00 
3.75000F+00 
<*.  OOOOOE^OO 
1..  25000E+00 

50  000E*00 
1..  75000E  + 00 
F.OOOOOE^OO 
5.25C00E+00 
5.50000E+00 
5.75000E+00 
6. 00030E+00 
6.25000E+00 
fc.50000E+00 
6.75000E+00 
7. OOOOOE+00 
7.25000E*00 
7.50000E+00 


3. 84277E-03 
1.70081E-02 
3.45142E-02 
3. 10532E-02 
2. 53Q57E-02 
2.62092E-02 
2. 51937E-02 
1.05268E-02 
7. 38195E-02 
6. 84869E-02 
1.37040E-01 
2. 875^3£-02 
1.22390E-02 
6. 16398E-03 
4.  74902E-02 
5.76812E-02 
2. 87957E-02 
4. 80522E-02 

1.  95543E-03 
1. 57285E-02 
1.72431E-02 
3.33103E-02 
1. 70596t-02 
8. 47602E-03 
1.47116E-02 

2.  Q4240E-02 
2.64126E-02 
3. 36637E-03 
8. 71409E-03 
1.79357E-03 


FREQ  - HZ 


AMP  - UNITS**2/HZ 


7.75000E+OQ 

8.00000E«^00 

8.2S000E«^0O 

8 .SOOOOE^OO 

8 .7SOOOE^  00 

9.0  OOOOE+  00 

9.25000E+00 

9.SOOOOE»CO 

9.75000E+00 

1 .OOOOOEfOl 

1.02500E+01 

l.OSOOOEfOl 

1.07500E*01 

l.lOOOOE^Ol 

1 .12500E+01 

1 .15000E*01 

1.17500E+01 

1 .20000E»01 

1.22500E*01 

1.25000E*01 

1.27500E*01 

1,30000£*01 

1 .32500E»0l 

1 .35000E*01 

1.37500£*01 

1 .40000E»01 

1.42500E*01 

1 ,45000E*01 

1 .4?500E*01 

1.50000E*01 


1.32017E-03 

1.34504E-03 

3.87417E-03 

2.76123E-04 

1.61826E-03 

3.94613E-04 

2.4  8674£-t.4 

7.22859E-04 

3. 18132E-C3 

2.06957E-04 

7.38487E-04 

3.12684E-04 

5.02425E-04 

1.29135E-03 

9.99051E-05 

2.14152E-03 

6.24868E-04 

5.46920E-05 

6. 38020E-05 

1.01500E-04 

6.27536E-04 

7.56183E-04 

1.94488E-04 

6.74337E-04 

1.08703E-03 

1.51427E-03 

1. 10843E-03 

1. 53446E-04 

6.51680E-05 

Q.  4 1 01  Q F - 04 


SPECTRAL  DENSITY  CENTROID  - X AXIS 


AMPLITUOt  - UNITS**2/HZ 


1.370E-01- 

1.325E-01- 

1.279E-01- 

1.233E-01- 

l.lfl8E-01- 

l.lA2r=01- 

1.096E-01- 

1.051E-01- 

1.005E-01- 

9.593E-02- 

9.136E-02- 

8.679E-02- 

8.222E-02- 

7.766E-02- 

7.309E-02- 

6.852E-02- 

6.395E-02- 

5~.9TBE’-02- 

5.482E-02- 

5,025E-02- 

4e568E-02- 

4.mE-02- 

3,654E-02-  ♦ 

r,I?8F-!I?-  ♦ 

2.741E-02- 

2.284E-02- 

1.827E-02-  ♦ 

1.370E-02- 

9.136E-03- 

Vr5BffE-Cl- 


♦ 


* 

* 

* 

♦ 

♦ 


♦ ♦♦•  ❖ ♦ 


♦ ♦ ♦ 

♦ ♦ 

♦ ♦ 


Ot  t ,*t ,,,  ,t,  ,,,***  ,*****■  ** 

0.00  2.50  5.00  7.50  10.00  12.50  15.00 

FREQUENCY-HZ 


421 


spectral  density  centroid  - y AXIS 


AMP  - JNITS**2/H2  FREQ  - HZ  AMP  ~ UNITS**2/MZ 


?.5aOOOE-01 

3.  q6‘*lCE-03 

7.75000E«-00 

2.16015E-03 

. 00  OOOE-01 

<♦.  54238E-02 

3 .0  OOOOE^OO 

1.74743E-03 

7.50000E-01 

3. 3fl**42E-02 

8.25000£f 00 

4.22871E-03 

1. 0000QE*00 

6.96342E-03 

8.50000E»00 

5.45198E-C3 

1. 25000E+00 

1. 33255E-02 

8 .750d0Ef 00 

6.6  9462  E- 04 

1 . 50000E>03 

8.59374E-03 

9. 0 OOOOE^OO 

1.64670E-03 

1. Z5000E*00 

2. 92990E-02 

9.25000E+00 

7.69757E-04 

2. 00  OOOE^OO 

9. 41616E-03 

9.50000E+00 

7.51441E-C4 

2.25Q00E»00 

3. 23387E-03 

9 .75000E*00 

3.23115E-05 

2.50000E*00 

3.  10 1 31E-02 

l.OOOOOE^Ol 

1.52718E-03 

2.75COOE*QO 

5.25597E-02 

1.C2500£*Oi 

2.8'6326E-04 

3. C0000E»00 

1.  13167E-31 

1 .G5000£»01 

1 .67878E-C3 

3,25000E»03 

3.  07124E-02 

1.07500E*01 

6.06112E-04 

3. 50  OOOE^OO 

1 . 46250E-02 

1 .lOOOOE^Ol 

2.73560E-04 

3. Z5000£*00 

2.45923E-02 

1.12500£fUl 

1.  10131E-03 

«< . 00  0 3 0E*30 

3.90768E-02 

1. 15000£*01 

1.03415E-03 

A. 25000E*JO 

1. 04372E-02 

1.17500Ef0'l 

6.‘95809E-04 

A. 50  OQOE  + 03 

1. 45457E-02 

1.20000E+01 

2. 18619E-04 

A. 75000E*00 

3. 87809E-02 

1.22500E«-01 

6.59842E-04 

E . 00  OOOE^OQ 

3. 76848E-02 

1.25000E»01 

7 .31729E-C4 

5. 25000E*00 

3.44877E“02 

1.27500E*01 

5.32671E-05 

5.50000E*00 

1. 1193  3E-03 

1.30000E»01 

5.b2827E-04 

E . 75000E+00 

1. 11316E-02 

1 .32500E*01 

3.10762E-06 

e. oooooE*oo 

1. fc2400E-03 

1. 35000E»01 

<♦.  98866E-04 

f .2E000E+00 

1. 45567E-02 

1.37500E»01 

2.85605E-C4 

6.50000E+00 

3.71576E-03 

1.40000£»01 

1.65298E-04 

6.75000E+00 

1.71105E-02 

1 .42500Ef01 

1. 07654E-03 

7. OOOCOE^OO 

2.  1C  734f.-03 

1 .45000E*01 

3. 335976-04 

7.25flO0E»Ofl 

4. 08fl06f-U3 

1.4  7‘5T0E*01 

4.42674E-04 

7.50000E»00 

2. 14698E-03 

1.70000E^01 

8.876116-04 

4Z2 


SPECTRAL  DENSITY  DIG  CORR  - X AXIS 


amplitude  - UNITS*»2/HZ 


2.U26E-01-  ♦ 

2.345E-01- 


2.264E-01- 
2.183E-01- 
2.103E-01- 
2.022E-01- 
1 .‘auiE-oi- 

i.aEOE-oi- 
i./TqE-oi- 
1.698E-01- 
1.617E-01- 
1<.536£-01- 
1 .456E-01- 
1.375£-Cl- 
1.294F-01- 
1.213E-01- 
1.132E-01- 
1.051E-01- 


9.704E-02- 
8.895E-02-  ♦ 
8.087E-02- 
7.278E-02- 
6.469E-02- 
T;'56IE-02- 
4.852E-02- 
4.043E-02- 
3.235E-02-  ir 

2.426E-02-  ♦♦ 


1.617E-02- 

“r.TnJ7E-C3- 


♦ 

♦ ♦ ~ ♦ «■ 


0. 


0.00  2.50  5.00 

FREQUENC“  -.c 


7.50 


10.00  12.50  15. 


SPECT(?AL  DENSITY  DIG  CORR  - Y AXIS 


:EQ  - H2  AMP 

- UNITS»»2/H2 

FREQ  - H2  AMP  - UNITS 

++2/H2 

— 

2.50000E-01 

1.61622E-C1 

7.75000E+00 

1.079892-04 

S.OQOOOE-Q  1 

1.43797E-01 

8.00000E^OO 

4.107282-05 

7.50000E-01 

5.02378E-Q2 

8.25000E+00 

1.071322-04 

1.  QOOOOE^OO 

1.26177E-C2 

8.50000E^00 

3.1 70502-04 

1 .250Q0E^00 

2. 69720E-03 

8.750O0E^O0 

2.0  69122-04 

l.SOOOOE^OO 

7, 33837E-C3 

9.000002^00 

1. 556152-04 

1 .75000E  + 00 

1.56853E-02 

9.25000E+00 

1.452462-04 

2. 000QQE>Q0 

7. 21238E-04 

9.500002^00 

1.740972-04 

2.250Q0E^00 

1.29389E-02 

9.75000E*'00 

2.267492-04 

> 

2.50000E+00 

1.23112E-04 

1.00001E+01 

2.245082-04 

2.7500aE*00 

7. 21613E-03 

1.02500E+01 

9.468932-05 

3.  OOOOQF^OO 

7.25542E-05 

1.050002^01 

6.194782-05 

3.25000E+00 

5. 59077E-03 

1.C7500E+01 

1. 801112-04 

3.50COOE+00 

1. 23890e-a3 

1.100002+01 

2.559132-04 

3.75000E+00 

2.37850E-03 

1 .125002  + 01 

1.087732-04 

A.OOOOOE^OO 

1.40  227E-03 

1 .150002+01 

8.343432-05 

t.25000E+00 

6.69263E-04 

1.175002+01 

8.457602-05 

4.50000E>aO 

8.00792E-04 

1 .2  00002  + 01 

1.726692-04 

4.75000E+00 

4. 33043E”04 

1.225002+01 

1.201352-04 

5.  OOOOOE  + 00 

3. 34680E-04 

1 .250002  + 01 

8.358892-05 

5.25000E+00 

5.83808E-04 

1.275002+01 

6.184972-05 

5.50000E»00 

8.97645E-05 

1.300002+01 

7.674562-05 

E.75000E+00 

1.91439E-04 

1.325002+01 

2.040332-04 

e. ooaooE^oo 

9.30796E-05 

1.350002+01 

1.384112-04 

6.25000E>00 

2.51571E-04 

1.375002+01 

1.978132-05 

6.50O0OE^0O 

6.90241E-04 

1.403002+01 

1.277892-04 

6. 75000E+00 

1.64089E-04 

1.425002+01 

9.871622-05 

— 

7.  OOOOOE^OO 

5,46170E-05 

1.450002+01 

3.545532-04 

r.jsooor^oo 

l.ii9l7E-04 

1. 475001 +0i 

1.131172-05 

7.50000E+00 

4. b0639E-04 

1 .5  00002  + 01 

1.088372-04 

- I 


I 


1.616E-01- 

1.562E-01- 

1.508E-01- 

1.<»55E-01- 

1.401E-01- 

r.3ii:7r-Cl- 

1.293E-01- 

1.239E-01- 

l.lfl5E-01- 

1»131E-01- 

l.n77E-Cl- 

I. 324E-C1- 
9.697E-02- 
9.1B9E-02- 
8.620E-02- 

а. OfllE-02- 
7r542E-02- 
7-.crn4F=02- 

б. 465E-C2- 
5.926E-02- 
5.387E-02- 
4.849E-02- 
4.310E-02- 

J. TTTE^XrZ’ 
3.232E-02- 
2.694E-02- 
2.153E-02- 
1.616E-02- 
1.077E-02- 

■S-rjeTE-UT-" 

0. 


■ ■ > "♦ 


0.00  2.50 

frequency-hz 


5.00 


♦♦♦♦♦♦ 

7.50  10.00  12.50  15.00 


spectral  density  edge  - X AXIS 


FREQ 


2.500QQE-Q1 

3.0QQ0QE-Q1 

7.5000QE-01 

1.0000QE*00 

1. ?^5dQQE*QQ 
l.SQOdOE^OQ 
1.75Q0QE+0Q 

2.  QQCQQE^QQ 
2.2G0QQE*00 
2.50QQQE>QQ 
2.75000E+0Q 
3.0QOOOE*eO 
3.25000E*00 
3.50000E*00 
3.75000E*00 
<..aaoQOE«'Qa 

4.50000E*00 
4.75000E»00 
5.00000E*00 
5.25000E*00 
5.5C000E+00 
5.7FOOT1E*OD 
6. odoaoE+oo 

t .25dddE*dd 
E.SddddE^dd 
6.75dddE*dO 
7.0ddddE*dd 

Tr25TnnjF»oa' 

7.5ddddE+dd 


- UNITS**2/HZ 


5.  16479E-dl 
3. 06492E*dl 
1.4Q9SlE*dl 
6. 68d J3E»dd 
3. 64858E-01 
8. 64334E4’00 
1.16956E*dl 
2.90466E*dl 
1. 3733dE*dl 
3. 1885dE*dl 
1. 284l3E*dl 
3. d4537E*dd 
7. 17746E-dl 
1.0dd83£*dl 
8.3531dE*Od 
4.67427E*dd 
2.2l2l2E*01 
2. d6177E*dl 
3.05i: 7E*01 
2.4867oE*Od 
1 • 1 8455E  *d  d 
9.43l59E*dd 
2.G097dE'*d0 
2. 94899E*dd 
2.65857E*dd 
3. 87140E*dd 
3. 62354E*dd 
2. 3288lE»dd 
1 . ft7626E*ffO 
3.07643E«-dd 


FREO  - 


AMP  - UNITS»*2/HZ 


7 .75dOO£+dO 

8. ddd0dE»dd 
8 .25dOdE+dd 
8 . 5 d d^  d E ♦ d d 
8.75dddE+dO 

9. d0dddE+dd 
9.2SdddE«dd 
9>5ddddE«’dd 
9.75dddE<dd 
l,.ddJddE*dl 
i.d25ddE*dl 
l.OSdddE^dl 
;.d75ddE*dl 
l.iddddE^Oi 
1 .125ddE*dl 
1 .15dddE*dl 
l.lTTddE+dl 
1 .2ddddE»dl 
1 .225ddE*dl 
1 .250ddE*dl 
1.275ddE+dl 
1.3ddddE*dl 

l.T??06E*dl 
1 .35ddd£  + dl 
1.375ddE*dl 
1 .4ddddE«dl 
1 .425ddE  + dl 
1.45ddd£+dl 
rtT^TTirdir^di 
1 .5ddddE*dl 


3.27091E*00 
3.61d9lE-03 
6,97920E-dl 
5.77d7dE-01 
1.38512E*dd 
1.16754E*CO 
5.37678E-01 
3.31d78E-dl 
9.57302E-02 
4.  11388E-d2 
8.17i52E-dl 
2.79483E-02 
2.99944E-dl 
3.d41d8E-Cl 
2.48644E-d2 
1.27714E-dl 
‘7."2d“d8iE-0  2 
2.2847dE-01 
5.53134E-03 
4.12212E-d2 
2.31463E-dl 
3.29432E-d2 
l.'6  4f66E-dl 
7.13439E-d2 
2.27d35E-01 
2.6d468E-dl 
2.51231E-01 
1.4«29E-dl 
8.d234dE-d2 
3.13692E-dl 


SPECTRAL  0ENSTT7‘  EOGE  - Y AXIS' 


?EQ  - HZ  AMP 

- _UNI_TS**2/HZ 

FREQ  - HZ AMP  - UNIATS 

**2/HZ 

2.50000E-01 

8.57811E-03 

7.75000£»00 

9.01209E-03 

5.  QOOOOE-01 

4.38723E-02 

8.00000E4G0 

3.74410E-03 

7.50000E-01 

3.q2q3qE-oi 

8.25COa£^00 

3.14803E-03 

1.00000E>00 

8.4q705E-01 

8.50000E«-  00 

4.15014E-03 

1.25000E»0d 

1. 13347E«00 

8.75000E400 

1.02569E-C2 

1.50000E+00 

2.50274E-01 

9.00000E^00 

2.55435E-02 

1.7SOO0E*00 

3.q6698E-01 

9.25000E400 

1.90078E-02 

Z.OOGOQE^OO 

2. IJ  382E-01 

9.50000£400 

1.06209E-02 

2.25000E»00 

5«7  4244 E -02 

9.75000E^00 

1.1305faE-C3 

2.50000E*00 

3.52qi5E-01 

l.OOOOOE^Ol 

8.22518E-03 

2.75aOO£V{ia 

2.38410e-01 

1;025T0£+6i 

2,30056£-03 

3.00000E«00 

5.11231E-01 

l.OSOOOE^Ol 

1.84212E-03 

3,25000E*00 

1.10213E-02 

l407500E^0l 

2.78336E-C3 

3.50000E«00 

1.27360E-01 

1 .lOOOOE^Ol 

3.34122E-03 

— 

3.75000E»00 

4.20598E-01 

1.12500£*01 

1.11997E-02 

4.  OOOOOE^OO 

5.7S1440E-0? 

l.lSOOOE^Ol 

7.78489E-03 

4.25000E*00 

l.X4?47r>0l£f 

1.17500E^01 

9.43554E-03 

4.50000E»00 

1.64019E-01 

1.20000£^01 

1.35036E-C2 



4. 75000E*30 

2.04174E-01 

1.22500E+01 

1.31622E-03 

5.00000E»00 

2.96962E-01 

1.25000E+01 

7.97969E- 03 

5.25000E*00 

•J.67351E-02 

1.27500E^01 

8.51312E-04 

5.50000E»00 

1.80274E-01 

lt30000£^01 

1.11164E-02 

— 

'5 . TydOUT^O d 

'l79r4'4l6E-^3' 

l.'32WdE4  01 

5.69364E-03 

6.00000E«00 

2.53886E-01 

1.3S000E^01 

8.10829E-03 

6,25000E^00 

1.91712E-01 

l.37500E^01 

1.90124E-02 

6.50000E«00 

1.57403E-02 

1 .40000E^01 

1.50747E-03 

— 

6.75000E+00 

3. 16338E-Q2 

1.42500E^01 

1.09640E-02 

7.00000E«00 

7.67592E-02 

1.4S000E^01 

5.13959E-03 

7.?sfir0r*inj  " 

y .lWiZSE-lR  ~ 



■l.3'6584E-02 

7.50000E+00 

8.56458E-02 

l.SOOOOE^Ol 

2.27331E-04 

- 

f ■?' 

F 't' 


li 


I 


3 h 
^ cs 


% 


a 

i'’ 


430 


1 


SPECTRAL  DENSITY  EDGE  - Y AXIS 


amplitude  - UNITS**2/HZ 

1.133E»00-  ♦ 

1.096E»00- 

l.OSSEtQO- 

1.020E»00- 

9.fl23E-01- 

9.446E-C1- 

9.068E-01” 

«.690E-01-- 

а. 312E-01-  ♦ 

7.93LE-01- 
7.556E-01- 
7.179E-01- 

б. 801E-01- 
6.423E-01- 
6.0A5E-01- 
5.667E-01- 
5.290E-01- 

4.912r-Ol- 

4.534E-01- 
4.156E-01- 
3.778E-01-  ♦ i 

3.400E-01- 
3.023E-01- 
2.645E-01-  ■ «• 

2.267E-01- 
1 .889E-01•> 
1.511E-01- 
l .133E-01- 
7.556E-02- 
T.778E’-02-  V 


2.50 

FREQUENCV-HZ 


t 9 t 9 9 ^ 9 I 

5,00 


10.00 


12.50  15.00 


431/432 


rAt&ik',' 


S’! 


'■I 


^ V ’ 


*a  «, ~>  »iia<nH  « 


GDC  6600  CSP  Printout  Vin 


Reference  Program:  Processing  of  IR  data  for  aircraft  target  in 

wide  field  of  view 


Tracking  Program:  Run  no.  94  using  above  referenced  data 


433/434 


( 


nlGITM  CCPPFL*TICM  TRACKER 
BOCeiR  (jP.PTCTljRfS 

ItJHtwS^tSrGE^  cioR^IMATES  *PE  (R«t5R) 
TAPE  eUTPLT  OPTION  18  I 

C0NTRA8T  '..I...NEG 


REPBPEKrTNft  PRCGRAl^ 


Ii1 O «> '4D«.r  o 
a.  njOK)«^oKi<ot^ott04>omKuo 

o**************** 

er  I I I • I • ^ I I 

a.  « • • ft  I I 

UJ 


9Uicr  <4.  *4;u^0i'4>tf‘'4j 

a ^mir>4>4>cb«cr 

a. 


m 4)  rvi  in  <D  ^ 9 r^  o »o  4>  r\j  in  Gu 


# ti  KKT  moo^axr 

» a:  •••••••••••••••• 

* u ftftcftftftft 

« UJ  • I I I ft 


# a otr*^^.K'K'^?i>C'iOftCMrira  a«/ 

» &•••••••••••••••• 

« u t r\  ^ f4 «3  90  0 r-r» « c 

« ii 

» 

» X 


rvt0t<«j  9 r>  (VMnm 

^ f*)9  9 9 


ooo.co'  «^ui0^ftr9  9tfi(rc;r^9(r9 
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Tt^^.ACKING  RUN  NO.  94 


X DIMENSION  =16  Y DIMENSION  = 16 

X’^CENTER  ='32  ~ Y CENTER  = 32 

PRINTOUT  EVERY  99  FRAMES 
INPUT  FROM  UNIT  1 

0 FRAMES  SKIPPED,  49  FRAMES  PROCESSED 

FRE^NCY  = "31.00  

5 INPUT  BITS  USED 

toff  = 0 

SCALOF  » 4.00  SFACX  = 5.00  SFACY  = 5,00 

■Automatic  ThrT^'holo  u^^^^  edge  tracker 

LINEAR  PROCESSING  FOR  CORRELATION  TRACKER 
CORRELXTION  METHOD  - SUM  OF  A8S  VALUES 
UPDATE  AT  10  FRAMES(SKIP) 

"linEAR'Processtng 'Above  threshold  of  - 20  for  tjemtroio  tracker 
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SAMPLE  NO.  48  RUN  NO.  94 


VIDEO  GRADIENTS 


INPUT  DATA  DIVIDED  BY *2 


2252  4 3.  ..13112132.  11.  1112133212. 

3 2 3 4 4 4 2_1  1 J 1.  ...2  l„l_2  1 . 2 1 1 2 . 2 . 2 2 1 2 2 1 , 

142233  3 11.  1 1.  .2  2 1 2 322312.  .21222. 

!_.  <*  3 3 3 2 1 . 1 1 3 3 1 2 2 2 1 . .1  2 2 2 • i 1 1 2-  1 i • 

2143653  1 1.  232.  221132111.  121.  .21. 

2 3 3 2 6 2 . . 2 3 . 1 2 4 2 .1,  3 .4__3  2 • * 2.  -2..1. ,_»-2 

1324441'.  22.  .5  579887311321111211. 
j^313341.  .25974567524212112.  .2.  1. 

734  5 4 2.  .24556621362612332111.1.. 
.i_?»65544  3 3 53  . 4 . .1253645212232122. 
12  2 2.  24348423.  ..  264561.  11.  . Ill  1. 
11233  _.  .13  3„3  i_2.JL._.  . 3 5 5 5 6 4 2 1 1 1 2 2 1 2 .. 

V*.  '.  2 3 2 2 1 4 *2  3221,  1443763211.  1121  1 . 

^ 21,  1.12  45645  J..  14618421.  .11.  111. 

1 12.2  3 4 2 122226.  ..3767321.  .212221. 

I 2 2 2 5 4 33446517.  ..73744.  1212211.  1. 

4 2 5 522213253435t28744.2111...43. 

f 3 3 4 3 3 2 2 2 - 4— 3^  . 2 t ,7_6  3.  1 1 1.1. 2..  ....  1 l-  j-J.-l— ? . 3 ». 

556  3 3 2 2 12.  122566  3..  ..1.22.  .121.. 

3 2 5 J.  1 3.  2 1_2  1 1112  1_1  1 .1.12  12.1  1_1  1.  1 • 

5 3 3 2 1 2 2.  12.1211331.  .12.211 

4 3 3 2 332212  1 11.1  3_2.1  I . , 2.2  1.2  1. ?...2  _l_i_ 
4 53233  3 33.  1221.21121.  11.  .33.24.  . 
4442112.  112211.  2.  2 _1  2 1_.2_ . .14  4.  1 .l..l_._ 

[ 45612.  1121  2 . 2.  ..21211.  32.  32.  121. 

I 3442.1.112  2 1 1 1 ..  1 2 1 1 • I.?  '.I  ? 2_  ? A 3__2_, 

L 43512.  11  3222.  ..2.  2.  ..12.2122111. 

1 4 3_i  2_1_1_  jl  1 A 1_1_  2_  2 1 2 2 2 _.  2 1 l_.l  , 2 1_?  A • • 

f 6 41  1.1,111212114212321.3.  .11,  11. 

i 2 3 3 3 4 5 5 4 4 5 5 5 4 5 5 7_  7_.5_(L.7_  4--.4_AA_5-_6  _6  _ 


EDGE  TRACKER  INPUT  DATA 
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TRACKING  ERRORS 




. 

— 

~ 

'centroid  - x“ 

AXIS 

-.3229 

-.5876 

-.4424 

-.0452 

-.1075 

.3469 

.3571 

-.0442 

.5616 

.7894 

.S970 

.4924 

.9405 

.5641 

-1.8210 

.7256 

.4166 

.3294 

.3373 

-.1903 

.0950 

.2633 

.4694 

-.7043 

.1144 

.2229 

-.3391 

-.0968 

-.3273 

.0487 

.1162 

.1419 

.1426 

.0958 

.2489 

.7115 

.2899 

.2523 

.4072 

.8658 

.8102 

-1.6911 

-.6042 

,.62JL6_ 

.1227 

• 43(i7_ 

.2105 



CENTROID  - Y 

.AXIS. 

.1360 

.4786 

.1477 

.1843 

.0904 

. 1499 

.0265 

.0156 

.1359 

.0676 

-.1636 

-.1490 

-.3584 

-.2362 

»«5227 

-■tJ).491 

-.6634 

---,4.962- 

-,09U 

-.2039 

-.1927 

.0673 

-1.0277 

-.0433 

-.7581 

-.1681 

-.6024 

-.1234 

-.4248 

-.4258 

-.5712 

-.2743 

-.2430 

-.2934 

-.6027 

-.3529 

-.9256 

--^,4789 

-.7168 

-.6598 

.1556 

-.6747 

-.5037 

-.6113 

-. 5047 

-.8086 

-.6316 

DIG  CORR  - X 

AXIS 

.1763 

.0010 

.1707 

-.<?615 

_ .1132 

tULlS. 

.§169- 

...S7.71 

.6711 

.6932 

.9576 

.7963 

.9240 

.7228 

.7999 

.5042 

.5187 

.4407 

.3696 

.2299 

.4317 

.2998 

.3514 

.2292 

.1335 

.0232 

.1464 

_ -.J.401  _ 

.1907 

.3348 

.3511 

,4012 

.5000 

.5587 

.5280 

.6145 

.7666 

.7630 

.8475 

.6834 

J.8017 

>.64J5 

.6381 

.8007 

.^51 

- 



DIG  CORR  - V 

AXIS 

.0957 

.1979 

,2172 

.0880 

-.0171 

-.1410 

-.1006 

-.1680 

-.1490 

-.2256 

-.1521 

-.2552 

-.2675 

-.2448 

-.2811 

-.2506 

-.2626 

-.4141 

-. 3330 

-.4109 

-.4017 

-.4248 

-.3745 

-.4912 

-.4854 

-.6470 

-.6296 

-.6314 

-.6050 

-.7738 

-.5521 

-.7621 

-.5709  -.5122 

. rj?434 

-,_7O0il 

=a7?2.0_ 

_-,T597 

r. 0362_ 

-1.0782 

-.9410 

-1.1386 

-1.1526 

-1.2436 

-1.1559  -1.2184 

-1.1907 

-1.2200 

EDGE 

- X AXIS 

-2.2544 

•2.6579 

•2.2382 

.1270 

•1.9981 

1.7716 

1.0250 

-1.9023 

2.0857 

-2.7763 

1.4500 

-2.9049 

.7476 

.2034 

-1.80 32 

.4076 

-2.4140 

.3341 

-.9252 

-3.6616 

-lc5778 

_-4j741Q 

,9041  • 

•1.1264 

-1,5691_ 

-1.01J4 

-4,9062 

-1*0151 

-.4015 

-.47^>4 

-3.8035 

-1.4573 

-.3645  -1.0028 

-.3506 

-.8498 

-1.0467 

.0162 

2.4636 

-6.1877 

,-6j.5aiL 

.-itHQO.- 

-j6577. 

-1.0400 

— 

... 

EDGE 

- Y AXIS 

.1133 

.7364 

.2234 

.7137 

-.0470 

.0148 

-.3356 

1.0928 

-.4157 

.4245 

-.1146 

.7691 

.1664 

-.5655 

.5347 

.6149 

.4S13 

-.7729 

.1258 

.6758 

.0603 

-.2110 

.1339 

-2.3243 

.1695 

.1220 

• 30 

.5979 

.9109 

-.5733 

.0102 

-1.0247 

.3643 

-.5247 

.8386 

-.9423 

-.7307 

-.4664 

-.5594 

-.0059 

.2137 

2.8771 

^4897 

1.1316 

.3283 

. 8155 

-.2472 

-.2454 

1 


i 

I 
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FREQ  - HZ  AM>" 

- UNITS**2/H2 

2.50000E-01 

7. 18415E-05 

■ f."DddoTI£-dl  " 

2.S2lSdE-03 

7.50000E-01 

1.3106iE-Q2 

‘i.oodfdE^oo 

2.87811E-02 

1.2S000E400 

3.96664E-02 

i.mdodE+ad 

2."T4da?E-02 

1.75000E400 

2.0S4S9E-03 

“ ?.in)inniEVffa 

■ i.^96ad£-a2 

2.25000E400 

6.23927E-02 

2.?TO5‘8£400 

~3.T7?8?E-ff2 

2.7S000E400 

H.36696E-03 

s.ooddOE^aa 

2.2307SE-O2 

3.25000E400 

3.22050E-02 

3.S0Q0dE40d 

1.37956E-02 

3.75000E400 

4.00752E-03 

4.dododE4dd  " 

7.'33996E-03 

4.25000E400 

3.57593E-02 

4.50odoE4dd 

4.6$621E-02 

4.7S000E400 

1.08438E-02 

S.OOOOOE^dO 

8.04S71E-03 

5.29000E400 

4.08508E-02 

%.50000E400 

3.06268E-02 

5«75000i>00 

2.60487E-03 

6.ooodd£40o 

5.00205E-03 

6.2S000E400 

1.64972E-02 

6.5dood"f4do 

2.41490E-02 

6.7S000E400 

2.99618E-92 

~ 7.ddodOE40d 

l.l5i75E-02 

7.2S000E400 

1.23688E-04 

- 7.5^airot40d " 

5.038^3?e-03 

FREO  - HZ  ■ AHP  - i;NITS**2/HZ 


Z.rSOOOE^OO  ••5Z645E-H3 

"8.0  000  0 E 4^  0 0 3 .4 1 37  6 E-  iS  3 

8 ^2  S000E4  M 4.608S2E«a4 

'"8.50000E400  1.57544E-03 

8.750C0E400  1.92524E-P3 

9.00006E400~  9.28196E-IS4 

9.29000E400  9.3Q2^9E^l^5 

■ 9.5000dE*bO  6.4089rE-l94 

9.7500eE400  1.82315E«03 

iT0"000l^4Ol  '1.52696E-I03 " 

1.02500E401  3.88630E-04 

l.OSOdOE^Ol  2.33/13E-84 

1.07500E401  4.09074E-04 

i.ld000E401  1.72086E-04 

1.12500E401  8»38803E»0S 

" iVl5ddd’E4dl  5.7  2204E-05 

i»l7S0dE4Cl  1.58947E-J5 

1.20000E401  2.327971-04 

1.22S00E401  5.E4878E-04 

1.29Q00E401  5.47687E-04 

1.275-00E401  J.99739E-04 

1.30CIOOE4O1  1-.23895E-04 

1.32!i00£401  9.08009E-04 

1.39000E401  1.63458E-04 

1.37900E401  f,23946E-05 

1.4d000E401  3.96466E-09 

1.42500E4^1  l«31M0|j05 

i.4500(IE401  1.88998E-04 

1.475C0E40J  1.88526J-04 

1.9'irodO£4dl  5»dlS.34E-d5 


J 

I 

I 


AMPLITUDE  - UN1TS**2/HZ 


6.23SE«02« 

9.820E«02« 


ffTTW-QT-t 


5*A0%E‘-B2- 

5jiS6f-51?  _ 

4.98SE«02« 


4.573E-02- 

4jlfg£^2_- 

4.157E-02- 

3.949E^Q2- 


3.741E-02- 

3.933E>02- 


3.325E-02* 



2*910E«02o 

2*702E'-02'> 


2.494E-02- 
2.286E*02 


2.078E~02« 
1.871E- 


1.663E«02> 

1.4S9E~02> 


1.247E«02 


4.157E-03- 


♦ ♦ 

2ilil 

PRCQUENCY-HZ 


7. SO  18, B« lltil Uill- 


4 


SPECTRAL  DENSITY  CENTROID  - Y AXIS  _ . . 

"“THTEQ  - H2  AM'P"-  UNitS**2/HZ  PREQ  " H2  AM?  - UNITS**27H2 


2.50000E'-01  <*.  85680E-0<* 

5.0I1090E-01  <..T57<*9^E-03 

7.50000E-01  8.98296E-03 

— r.innnrfir+ oTi  e . 93dt4r*n 

1.25000E  + 00  <*.7165lE-03 

i ,5DT)il0t+lJy  ■ ^;i2fi«t-03 

1.75000E+00  3.91120E-03 

?TUirir0TIE*00  l.DlfeAAE-flJ 

2t25000E+00  3. 22179E-03 

— ^f,"¥innrirr*iri5 

2«7S000E«00  5.<*5720E-03 

r.T»0000E*0fl  6.26029E-03 

3.2500OEA00  2.8121AE-03 

3.501I00E+B0  3,010J7E-05 

3.75000E*00  2.6108AE-03 

— Trru'oTffoi  ♦ bi  3 ;T98^b  e-o  3 

Af2500CEtQ0  5.62338E-03 

■ <*,500d0£*0d  l,lS825t-02 

4.75000E*00  1.12157E-02 

' 5.00000E+00  A.6849SE-03 

5.25000E*00  1.67291E-03 

5. '50b00'E*00  1.6i7li»9E-03 

5.75000E+00  7.73756E-OA 

e.OObbOEAbO  3.20243E-04 

6.25000E+00  2.  34721E-0<i 

6. ?oob0i*inr'  s,3723ne-o*» 

6«75000E»00  1.S0916E-03 

7VobbbOE+Ob  1.3N7i^E-03 

7.25000E*00  2r93303E-0*» 

~T.5dbb0E*00  l,8d389E-0<» 


7.75000E*00 

2.68635E>d<> 

8.ddudbE»dd 

6.2645CE-d5 

8.25000E«00 

2.68574E-d4 

8‘7TdTdfiX*do 

2.93676E-0% 

8.75ddOEAOO 

1.59dldE>d<» 

9. ISO  do  dr*  00' 

<*.9116ZE-d4 

9.25dddE*dd 

5,2l768E-dA 

97?ff00dE*ffjr 

9.750ddE*dd 

6.56693E"d6 

i,dinr&dE*di 

lol6dl5E-05 

i.d25ddE*di 

A,7<i811E-d5 

i.U50d6e*di 

2 . 0d325E-dA 

i.d75ddE*di 

2,d71d2E-0A 

i»idddd£*di 

7.225Wr-f5 

l.l250dE*01 

3.2A703E*d6 

■ i,i5dddr*di 

8tiA396E-06 

l.l7SddE*dl 

l,34l07E-d5 

1.20dddE*dl 

3.29535f-d5 

1.225ddE*dl 

9.86281E-05 

1.25ddOE*dl 

1.32777E-0A 

I, 27500E*01  1.2299VE-OA 

'it3000dE*’dl  1.07195E-0A 

l,3250dE*0l  4t7l825E-85 

l,35dddE*01  2.62930E-85 

1 ,37500E*01  l*39y7E^0A 

lt400d'b'£*tfl  2.5688<*F-1S4 

J, .V2500E*dl  2tA9828E*Oj» 

“i'.VSOME^Ol  l.6*8A4dE-0A 

l,A750dE*dl  9.90181E-05 

l.SOOdOE^Ol  7tA3029E»05 


;^ECT^*t  density  C£NT«OIj>  r.  y_*KIS_ 


AMPLITUDE  - UN1TS**2/MJ; 


1.13eE«02- 

L»liLttfc02- 

1.062E*fi2- 


9.»6fE«03* 

9.1ltE«03- 

•.727E-Q3- 

••34»7E-03« 


7,58SE-01- 

7,2ME-03- 

6«A3iE«03* 

6«<»SJE-_03* 

6«a7tE*03> 

StmidiiL-.. 

5,312E«03* 

A.932E-C3- 

(».S53E«03-  ♦ 

»«l7»E'-g3«  _ 

3",79%E-«3- 

.JiiiaErlfc 

3«03SE*03- 
2,69fcE-C3« 

■ 2.277E-03- 

t.ff7E-B3; 

l.St8E«03' 
1.13BE«D3- 
7«SME*0<»- 
3^79»E-C«»-  ♦ 

0 • ♦ « 1 

B.Ofl 


_ »4» 

'« X.  ••T>  It.  < 

5x5t_  

FHEQUEMCY-H2 


****** 


,****,,************,,*** 

JL|,58 12«50 ilsJ 


1 


SSss^KKjCraiBES^ 


SPECTRAL  DENSITr  DIG  CORR  - X AXIS 


FREQ  - H2 


AHP  - UNlfS**2/HZ 


FREQ  - HZ 


AHP  - UNITS**2/KZ 


2.50000E-01 
e.l^ooboE'Oi 
7.joooiaE-qi 
1.  oo~6ooE%ob 

^25^0E*00 

i.sboooE^ob 
1.75000E400 
“2“,00  000t*0"0  ■ 
2»25000E»00 
2«50000E«00 
2.75000E«00 
3. 80  So 0E ♦To 
3.25000E400 
3.TOTTOT^SO 
3.75000Et00 

L.ooWor^bT 

4.25000E400 
"4.SOTdOEtOO 
<».75000E^00 
' T.UffOOO^TSO 
5.25000E400 


T^SOObOE^OO 

5.75000E^00 

6.0o0STC^bo 

6.25000E40q^ 

e.TSbSoE^bo 

6.75000E400 


7. OOOOOE^OO 
r.ZSOOOE^OQ 
■TTfStfSor^bO 


1.97087E-0A 
0.07960E-03 
_A.<*1128E-02 
8‘.2e258E-b2 
6.5<*760E*02 
1.9T553E-b2  ■ 
3.59J18E^03 
"^7.  1970  9E -03 
5.06732E-03 
!•  AA635E-03 
2.56061E-09 
3.86635E-04  ' 
1.45663E-03 
ir967S7E-03 
9«18387E-0» 
'3.  l6969f-bA 
7.76771E-0A 
4.09334E-04 
9.94420E-06 
7.9602SE-05 
2^bl999E-05 
"3.08788E-04 
2.45206E-04 
6.8840iE-06 
2.84098E-04 
4.068491^4 
3.32963E-04 
3.10723E-04* 
3^8_063E-04 
■2.218401-64 


7.75000E^00 

S.OOOOOE^OO 

8.25000E^0J_ 

(USObOOE^OO 

8.75000E^00 

■9.bb0b0E^0D 

9.25000Et00 

9.5000bE^bb 

9.75000E^00 


l.OOOOOE^Ol 

1.02500E^01 

1.650b0E»bi 

1.07500E^01 

i.iobboEtoi 

1.12500E^01 


1.15000E^01 
l.WSOOEtOl 
1.2  bobbin  01 
1.22500E^01 
l.ZTObOE^Ol 
1.27500E^01_ 


1.30000E^01 

1.3250JOE^01 

1.35000£^01 

1.37S00E^01 

1.4000bE»0i 

^.42S00E^01 

l.blbOOE^Oi 

l,47500E_f01 

l.SSOObE^bl 


9.33414E-05 
2.46462E-04 
J^.99869E-04  _ 
6.17869E-05 
1.39qi_^E-04 
7.90721E-b5 
2^SS4S9E-05 
1.5b304E-05 
3.72274E-95 
1.12711E-04 
4.2  3U3E-^5 
3.26147E-05 
4.07816T-05 
i.26514E-b5 
5.73670E-05 
2.33512E-05 
3.33223E-05 
4.64743E-05 
5.8  0T3OE-O6 
4.13983E-b"5 
1.47963E-05_ 
2.85992E-05 
7.17320E-05 
1.22978E-05 
3.86610E-T5 
T.30543E-05 
3.31526E-05 
■ 3.48675E-05 
3.81522E-05 
2.65355E-05 


AMPLITUDE  - UN1TS**2/MZ 


8.2S3E-02- 



7.T30E-I2- 


3'iia<r4 


7.178E-02- 

6xU5£-0?r 

6.S26E-02-  * 


5.522E-02- 

5.2A6E>02« 


‘».970£-02- 

4.693C-02- 


4.417C-02- 

4»l«»ie»02" 

3.86SC-02- 

?ti«9lrfi2- 
3.313E-02- 
.1  ♦0175-12- 
2.761C-02- 

liirJSfcdli: 

2.209C-02- 

iji?33_E-02- 

1.657E-02- 

1.380E"02"  

l.tOAE-02- 


SPECTRAL  DENSITY  DIG  CORR  - Y AXIS 


FREQ  - HZ 


AHP  - UNITS**2/HZ 


FREQ  - HZ 


AHP  - ONITS**2/HZ 


Z.SOOOOE'Ol 

S.OOODOE-Ql 

7.S000QE-01 

i.QOOQOE*Qd 

1.2S000E*Q0 

i.$obodE»ffo 

1.7S00QC*00 

2.0dblilE«00 

2.2SQ00E»dd 

■2.fdBddE*fld 

2.750Q0E*00 

3.dddddE*0d 

3.2S00dE»d0 

3.SDda0E«00 

3.7SdddE*dd 

‘L.9'doQdE»dG 

L.2S0ddE*djd 

A.$ddddE»ld 

L.7SdddE»dd 

?.dddddrE»dd 

5.2Sd00E»dd 


TTSddddE^dd 

5.75ddOE«dd 

e.GOdimrrcd 

6.2SdOOE»dd 

6.5d0iniF*ini 

6.7S0ddE»dd 


'7.dddddE»oo 

7.2Sd00E»dd 

dddE*^d 


I.S7787E-04 
1.78693E>03 
^l*22SSE-03 
2.79750E-d3 
2.011%2E-d3 
3.69d59E>d3 
6.09d87E>03 
<».7683<»E*03 
l,^0027E-03 
i. 27d06E-d3 
1.73171E-03 
8.293ilE-d** 
A.a8413E>d4 
l.$6385E<d4 
2.3^282E-d<* 
■'<*.86'i37E-d<*' 
2.l*8‘)S5E-d4 
8.11339E-8<* 
l.l*l*337E-83 
8.<*5374*E-d<* 
l«6619lE-0«» 
1.83i73E-iTH 
5,2<*8<*2E-d<* 
<*.56897E-d«. 
8.<»699<»E>05 
i.  27«5i:-di* 
3.12872E-d<* 
2.S1538E-8** 
9.665«»<*E-05 
”8.T?T4lE-d5" 


7.7S00dE«00 

8.oddooE«od 

8.25d00E»00 

8.50dddE«00 

8.7S0d0E»d6 

9.dddooE»dd 

9.2S000E»d0 

9.50000e»00 

9.758ddE»00 

i.dddfdEm 

l.d2Sd0E*01 
i.oSdddE^di 
i.d7SddE«di 
i.tdddoE^di 
i >t258dE»dl 
1.15888EV01’ 
l.l7S0dE«dl 
i.2ddddE»di 
l»22SdOE«dl 
i.25dddE«di 
l^l^50[OEm 
'■{.sdiddEtdr 
1.32SddE«Bl 
i.SSdddE^Oi 
1.37S0dE«01 
i.i»irDddr*^Oi 
i.A2SddE«di 
i.'ASOddE^ci 
1,<»7500E»81 
i.sddOdE«^di 


1.39247E-04 
2.l»2628E-05 
4.52396E-85 
1.  36dVlE>(M> 
3.22906E-85 
1.37123E-D5 
4.63Sd9E-05 
1.26017E-8S 
S.96812E>d6 
"Z.SSl^OE-Oe 
2.2904t]E>dS 
2.61052E-85 
1.0S605E-dS 
1.20267E-05 

3.7184AE-87 

1.11987E-85 

1.23^87E-d5 

1.16298 £-06 

9.79553E-86 

7.1956«»E-86 

6»8»18lE-06 

1.95717E-06 

A.77129L-06 

l.d2S8T(f-85 

9.00195E-87 

2. 39!r9T»E-T)6 

l,8«.977E-07 

1.28087E-05' 

3. 7 7961 E- 85 

A. 2 88281-85 


I 


SPECTRAL  DENSITY 

EDGE  - X AXIS 



“ 'pTEQ“-  Hr  'A 

MP“-‘  UNlfS**Z/HZ  ’ 

FREQ'-“  HZ  AMP  - UNITS 

••Z/HZ 

2.50000E-01 

S. ZZ39ZE-04 

7.7S00nE^00 

1.49173E-OZ 

5.00000E-01 

9.6Z093E-03 

B.00000E«00 

1.60504E-OZ 

7.50000E-01 

3.Z9392E-02 

8.2S0t)0E»00 

Z.OOOOBE-OZ 

i.oooodE^ob 

5.55437E-OZ 

S.SdOOOE^OO 

7.B2BdBE-03 

l.ZSOOOE^OO 

9.59366E-OZ 

a.7S000E«00 

6.3173ZE-04 

l.SOOOdE^OO 

S.37296E-02 

9.00000E«00 

1.Z1796E-0Z 

i.rsoooE^oo 

1.37576E-0Z 

9.2S000E«00 

1.7Z670E*02 

Z.OOOOOE^OO 

Z.OS713E-Oi 

9.ffOOOOE«00 

Z.60BB3E-OZ 

Z*Z5000E«00 

4.ZZ969E-01 

9.7S000E*00 

3.40770E-OZ 

"s.sooiior^dd 

Z.136flE-di 

i.dooodt*di 

1.Z6750E-OZ 

z.rsoooEfOo 

1.62969E-01 

l.OZSOOE^Ol 

3.dSB61E*04 

3*0a000E«00 

Z«79Zd9E-01 

l.OSOOdE^Ol 

4i.6B160E*d3 

s.zsaooE^oo 

5«743ZlE-dZ 

1.07500E«01 

Z.002Z1E>03 

3.50000E»00 

Z.9dll7E-dl 

i.idOdOE«di 

3.67423E*03 

3.75000E»Q0 

6.97994E-dl 

i.izsddE^oi 

3.B4031E*03 

■“■i*«d0  0dflE>00 

Z;'7049dE-dl 

i.i9dddE»bi 

2.45711E-b3 

i».Z5000E«00 

1.0Z819E-dl 

1.1790dE«dl 

2.1B421E-03 

4.90000E«00 

4*  d6d45E>dl 

l.ZOOOOEtOl 

1.19714E-03 

<».75000E»00 

l«96363E-Oi 

l.ZZSOOE^Ol 

7.09543E*D3 

s*ooooor>oo 

6.0Z069E*0Z 

l.ZSOOOEtOl 

7.60909E-03 

S.ZSOOOEfOO 

Z.S464ZE*01 

l.Z7S00E*01 

1.17655E-02 

's.sddbdE^do 

6.3  3Z77E-dZ' 

i.3ddddE«oi 

2.16B76E-0Z 

5.75000E«00 

9.46634E«OZ 

1.3Z$00E«01 

1,060B3E-OZ 

e.drbboaEVoo 

3.566l9E-dl 

1.3SdOOE*dl 

1.35475C-05 

6.ZSOOOE^OO 

3.14706E-01 

1.37900E«01 

4.27600E*03 

~ e.^TffirarnsTS' 

3.05595E-01 

i.4dodoE»di 

2.54B76E-03 

6.7500nE<-00 

3.31761E-01 

1.4Z900E*01 

2.39066E-O4 

t.dddboE<-ao 

1.93dfdE-01 

1.49000E«01 

9.B9B9BE~04 

7.ZS000E»00 

Z.Z4Z6ZE-OZ 

1.47500E«^01 

2.52407E'C4 

T^sooooE^aa 

■ ■ 

i.sdoooe^i 

2.546lZ£-W 

.SPiCTRAA_5ENSJIY  _ EOQE  * * **15 


AHPLITUOE  - UNITS**2/HZ 


fe.S.BOE-Ol- 

4»?4LErM-_ 

6.515E-01- 

R.2B2E-01- 


6.0A9E-01- 

S.ei7E-Ot» 


5.5B<»E-01> 


5.U9E-01 

».8d6E-01 


4.653E-01- 

(i.iBBE-Ol* 

3.955E-01« 

3.723E-01- 

3.»q0E-01~ 

3.257E-01- 

3,L25Er01- 


♦ ♦ 
♦ 


2.792E-01- 

X*  5111- 01- 

2.327E-01- 
2.0  9»r.-n-L 
1.861E-I1- 
l.E29E«01> 


♦ ♦ ♦ 


♦ ♦ 


1.39*E-0i- 


♦ ♦ 


9.307E-02-  ♦♦ 

6.9etE«02« 

i,.653E-02-  ♦ ♦ ♦♦ 

2.327_Er0g*—  * ^ i- 

®*  J*J5 2,50 5,00**  7.50  10.00  l?«50  15.00 

freque'hcy-hz 


4 

f 


*hrir 


spectral  density 

EDGE  - Y AXIS 

PRET  - HZ  AMP 

- UNITS**2/HZ 

FREQ  - 

HZ  8HP  - UNITS 

**2/HZ 

2.5Q000E-01 

<*.  10867E-03 

7.7S000E*00 

3.99986E>03 

f^.CdOOOE'Ql 

3.7<»300E*02 

s.ooooo£*do 

5.84819E-03 

7«50000E-01 

6.7«852£*02 

8.25000E*00 

2.28904E>03 

{.TTinroE+oT 

4.12238E-02 

8.50000E*Od 

1.09&38E-04 

i.zsnooE^oo 

1.70151E*02 

8.75000E*00 

i.26679E>03 

~ 1. yd  0 a OF*  09 

3. I3758e*02 

9.00000E*00 

3.71607E-03 

1.7$dO0E*00 

i*.83152E*02 

9.25000E*00 

3.8i760E*03 

~ ~ 27dinroiic*od  ' 

8.8dSS6E>02 

9.50000E*dd 

i.4880dE>63 

2.25000E*a0 

1. 23382E>01 

9.75000E*00 

i.54314E*04 

f7yoTO(rF*p"' 

■ •8.W8fF-ir2 

' {.OOdOdE*?! 

1.36yi9E'-04 

2.75000E*00 

2.9<*732E-02 

1.02500E*01 

5.6674iE*04 

~ ■ 3.000Q0F*QQ 

1«3<*<*16E*02 

1.05000£*0i 

6.08287E*04 

3.25000E*00 

4.69686E*03 

1.07500E*01 

i.58034E-04 
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AMPLITUDE  - UNITS**2/HZ 


1. 
1. 
1. 
A* 
1. 
1. 
9. 
9. 
9. 
6 • 


234E-01- 

193E-01- 

152E-01- 

llOE-01- 

069E-01- 

02SE-01- 

871E-02- 

459E-02- 

0<»6E~d2- 

637E-02- 


8. 

7. 

7. 

6l* 

6. 

6. 


225E-02- 

814E-02- 

4fl3E-02- 

992E-02- 

580E-02- 

1696-02- 


S. 

9. 

k, 

4. 
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♦ 
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